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ABSTRACT 


In  December  1978,  the  Montana  Board  of  Natural  Resources  and 
Conservation  issued  an  order  on  the  reservation  of  water  in  the 
Yellowstone  River  Basin.   This  order,  the  first  to  establish 
water  reservations  on  any  river  in  Montana,  reserved  water  for 
municipal  use,  irrigation,  offstream  storage,  and  instream  flow. 
An  annual  total  of  716,237  acre-feet  was  reserved  for  future 
consumption  by  irrigators  and  municipalities.   The  largest 
instream  flow  reservation  was  granted  by  the  board  for  5,578,890 
acre-feet  per  year  at  Miles  City.   This  study  was  designed  to 
determine:   (1)  the  amount  of  water  currently  available  for 
appropriation,  taking  into  account  existing  uses,  water 
reservations,  and  estimated  future  depletions  by  Wyoming  and 
Indian  tribes;  and  (2)  whether  there  will  be  enough  water 
available  to  fully  satisfy  the  irrigation  reservations  above  and 
below  Billings,  Montana. 


INTRODUCTION 


In  the  years  prior  to  1974,  a  substantial  number  of  applica- 
tions for  water  use  permits  for  drawing  large  amounts  of  water 
from  the  Yellowstone  River  were  received  by  the  Montana  Depart- 
ment of  Natural  Resources  and  Conservation  (DNRC) .   Many  of  these 
applications  requested  significant  amounts  of  water  for  energy- 
related  industrial  development.   Reacting  to  concerns  that 
industrial  water  development  would  harm  municipal,  agricultural, 
and  instream  water  use,  the  Montana  Legislature  passed  the  Water 
Moratorium  Act  of  1974,  which  suspended  all  applications  for 
water  use  permits  for  diversions  larger  than  20  cubic  feet  per 
second  (cfs)  or  storage  over  14,000  acre-feet  in  the  Yellowstone 
Basin  until  March  10,  1977.   During  this  period,  the  state 
determined  the  amount  of  water  available  for  allocation  and 
quantified  instream  flow  requirements  for  the  Yellowstone  River 
and  its  tributaries.   The  moratorium  also  allowed  local,  state, 
and  federal  agencies  to  assess  their  future  water  requirements 
and  submit  applications  for  the  reservation  of  water. 

The  Water  Use  Act  of  1973  made  it  possible  for  the  State  of 
Montana  and  the  federal  government  to  reserve  water  for  existing 
or  future  consumptive  uses,  and  to  maintain  a  minimum  flow  level 
and  quality  of  water.   To  reserve  water,  a  qualified  public  body 
must  apply  to  the  Board  of  Natural  Resources  and  Conservation  and 
establish: 

1.  the  purpose  of  the  reservation 

2.  the  need  for  the  reservation 

3.  the  amount  of  water  necessary  for  the  purpose  of  the 
reservation 

4.  that  the  reservation  is  in  the  public  interest. 

The  board  has  the  authority  to  modify  the  reservation  if  the 
objectives  of  the  reservation  are  not  met  or  if,  in  the  case  of 
reservations  requiring  diversion  or  storage,  progress  toward  the 
completion  of  the  necessary  facilities  is  not  being  made.   Such 
progress  is  to  follow  a  development  plan  submitted  by  the  user 
and  approved  by  the  board.   The  board  may  reallocate  all  or  part 
of  the  instream  flow  reservation  if  it  determines  that  the  amount 
of  water  reserved  is  not  required  to  serve  its  designated  purpose 
and  that  the  need  for  the  reallocation  has  been  shown  by  an 
applicant  to  outweigh  the  need  of  the  original  instream  flow 
requirement. 

The  moratorium  on  new  appropriations  encouraged  applicants  to 
submit  applications  for  reservations  before  November  1,  1976. 
Between  1973  and  1976,  DNRC  prepared  an  environmental  impact 
statement  that  analyzed  the  effects  the  water  reservations  and 
increased  water  use  would  have  on  the  basin's  hydrology,  geomor- 
phology,  water  quality,  wildlife,  existing  uses,  recreation,  and 
economics  (DNRC  1976) .   The  moratorium  was  extended  for  one  year 


in  order  to  enable  federal  agencies  to  apply  for  offstream 
storage  reservations  and  to  allow  DNRC  enough  time  to  gather  and 
analyze  the  data  necessary  for  decisions  on  the  granting  of 
reservations. 

By  November  1,  1976,  30  applications  for  water  reservations 
were  filed  with  DNRC  for  Yellowstone  River  water.   A  total  of 
1,181,559  acre-feet  per  year  was  requested  for  irrigation.   This 
total  included  thirteen  requests  from  conservation  districts,  two 
from  irrigation  districts,  and  three  from  the  Montana  Department 
of  State  Lands.   Eight  municipalities  filed  applications  totaling 
391,500  acre-feet  per  year  for  domestic  and  municipal  use.   Two 
reservations,  for  a  total  of  1,600,000  acre-feet  per  year  for 
multipurpose  reservoir  storage,  were  filed  on  the  Tongue  and 
Powder  rivers  by  DNRC.   In  addition,  the  U.S.  Bureau  of  Recla- 
mation filed  for  a  reservation  totaling  729,500  acre-feet  per 
year  for  three  offstream  storage  reservoirs  on  the  Yellowstone 
River  between  Billings  and  Miles  City. 

Requests  for  major  nonconsumptive  reservations  of  instream 
flows,  the  maximum  being  8,206,723  acre-feet  per  year  at  Sidney, 
were  filed  by  the  state's  Department  of  Health  and  Environmental 
Sciences  and  Department  of  Fish,  Wildlife  and  Parks.   All  of  the 
applications  filed  by  conservation  districts  mentioned  instream 
flows,  although  only  the  North  Custer  Conservation  District's 
application  mentioned  a  specific  figure. 

Notices  of  these  applications  were  printed  in  local  papers 
and,  in  the  summer  of  1977,  public  hearings  on  the  applications 
were  held  in  Billings  and  Helena.   Attorneys  representing  the 
applicants  presented  their  cases  for  reserved  water  before  the 
hearings  examiner.   At  the  end  of  the  hearings  process,  the 
examiner  requested  that  each  applicant  prepare  a  proposed  order 
for  the  board. 

The  board  used  these  proposed  orders,  transcripts  of  the 
hearings,  and  final  discussions  to  make  its  decision.   The 
board's  findings,  made  in  December  1978,  are  summarized  in 
Table  1. 

The  board  also  established  priorities  for  the  use  of  this 
water.   Municipal  use  has  first  priority.   Upstream  from  the 
mouth  of  the  Bighorn  River,  instream  use  has  second  priority  and 
agriculture  third.   Below  the  confluence  of  the  Bighorn  River  to 
the  North  Dakota  border,  agriculture  has  second  priority  and 
instream  flow  third.   Storage  reservations  have  the  lowest 
priority. 

Since  the  reservations  were  granted,  the  board  has  authorized 
two  changes.   The  first,  authorized  in  September  1980,  increased 
the  reservation  for  the  City  of  Billings  from  41,229  acre-feet 
per  year,  with  an  average  diversionary  flow  rate  of  56.9  cfs,  to 
53,500  acre-feet,  with  an  average  diversionary  flow  rate  of 
74.0  cfs. 


TABLE  1 
WATER  RESERVATIONS  IN  THE  YELLOWSTONE  RIVER  BASIN 


MUNICIPAL  RESERVATIONS 
Town 
Livingston 
Big  Timber 
Columbus 
Laurel 
Billings 
Miles  City 
Glendive 
Broadus 
TOTAL 

MULTIPURPOSE/STORAGE  RESERVATIONS 


Annual  Rpservation  facre-feet) 

4r510 

365 

883 

7,151 

41,229 

2,889 

3,281 

605 

60,913 


applicant 

DNRC 

US  Bureau 

of 
Reclamation 

TOTAL 


Reservoir 

Tongue  River 

Cedar  Ridge 
Buffalo  Creek 
Sunday  Creek 


Annual  Reservation 
fanre-feetl 

383,000 

121,800 

68,000 

^^39.000 

1,111,800 


TABLE  1  (continued) 
IRRIGATION  RESERVATIONS 

Applicant 

Park  Co.  Conservation 
District  (CD) 

Sweet  Grass  Co.  CD 

Stillwater  Co.  CD 

Carbon  Co.  CD 

Yellowstone  Co.  CD 

Bighorn  Co.  CD 

Treasure  Co.  CD 

Rosebud  Co.  CD 

North  Custer  Co.  CD 

Powder  River  Co.  CD 

Prairie  Co.  CD 

Dawson  Co.  CD 

Richland  Co.  CD 

Little  Beaver  CD 

Buffalo  Rapids  Project 

Montana  Dept.  of  State 
Lands  (NO.  9931-r) 

Montana  Dept.  of  State 
Lands  (No.  9933-r) 

Montana  Dept.  of  State 
Lands  (NO.  9934-r) 

US-BLM 

US-BLM 

TOTAL 


Annual  Reservation 

Maximum  Diversion 

facre-feet^ 

rcfs> 

64,125 

445.9 

46,245 

363.4 

16,755 

122.1 

22,676 

130.7 

57,963 

378.2 

21,239 

143.8 

18,361 

118.6 

94,147 

540.7 

39,375 



13,680 



68,467 

552.7 

45,855 

330.8 

45,620 

354.2 

12,773 



11,997 

16.55 

14,679 

86.11 

25,889 

185.2 

15,078 



2,924 

12.287 

17,476 

75.76 

655,324 

TABLE  1  (continued) 

INSTREAM  FLOW  RESERVATIONS 

Annual  Reservation 
Location  Cac^firf^et) 

Yellowstone  River  at  Livingston  1,879,013 

Shields  River  near  Clyde  Park  35,434 

Shields  River  at  Wilsall  21,764 

Big  Timber  Creek  ^^'^ 

West  Boulder  River  '^^'    ^ 

East  Boulder  River  at  mouth  23,146 

Boulder  River  at  Contact  137,120 

Boulder  River  at  Big  Timber  195,163 

Stillwater  River  at  mouth  379,795 

Yellowstone  River  at  Billings  3,679,968 

Bighorn  River  at  mouth  2,477,987 

Yellowstone  River  at  Miles  City  5,578,892 

Tongue  River  at  Wyoming  state  line  244,799 

54  289 

Tongue  River  at  mouth  ' 

powder  River  at  mouth  ^^'^ 

Yellowstone  River  at  Sidney  5,429,310 


The  second  change,  authorized  in  November  1980,  was  a  result 
of  a  decrease  in  the  instream  reservation  of  the  Yellowstone 
River  above  the  mouth  of  the  Bighorn  River  (as  measured  at 
Billings)  held  by  the  Department  of  Fish,  Wildlife  and  Parks  and 
the  Department  of  Health  and  Environmental  Sciences.   The  orig- 
inal reservation  was  established  on  the  basis  of  the  65th  percen- 
tile flow,  which  means  that  flows  in  excess  of  this  reservation 
could  be  expected  in  65  out  of  100  years.   The  change  reduced 
this  reservation  from  the  65th  to  approximately  the  83rd  percen- 
tile.  This  change  increased  the  amount  of  water  available  for 
the  irrigation  reservations. 

The  reservations  were  made  with  the  stipulation  that  all 
senior  water  rights  must  be  met  first.   Currently,  many  of  these 
senior  rights  have  not  been  quantified,  particularly  the  use 
rights  which  were  established  simply  by  putting  the  water  to 
beneficial  use.   These  rights  are  legally  unrecorded,  but  are 
valid  if  the  water  user  can  prove  the  date  on  which  the  bene- 
ficial use  began  and  the  amount  of  water  used.   These  rights, 
along  with  filed  and  decreed  rights  originating  before  July  1, 
1973,  are  currently  being  adjudicated  throughout  the  state,  as 
part  of  a  legislative  mandate.   When  the  adjudication  process  is 
complete  and  all  senior  rights  in  the  Yellowstone  Basin  are 
quantified,  the  water  available  for  the  reservations  may  be 
slightly  reduced. 

Indian  and  federal  reserved  rights  have  yet  to  be  quantified 
in  the  basin.   These  rights  are  also  senior  to  the  reservations 
and  are  currently  being  quantified  through  direct  negotiations 
between  the  Reserved  Water  Rights  Compact  Commission,  represent- 
ing the  State  of  Montana,  and  the  Indian  tribes  in  the  state. 
The  tribes,  in  asserting  their  rights  as  given  in  the  Winters 
Doctrine,  state  that  Indians  have  "prior  rights  to  water  re- 
sources which  arise  upon,  border,  traverse  or  underlie  reserva- 
tions in  amounts  necessary  to  satisfy  present  as  well  as  future 
needs  of  the  reservations."   Since  these  rights  have  yet  to  be 
determined,  they  must  be  estimated  on  the  Crow  and  Northern 
Cheyenne  reservations  in  Montana  and  the  Wind  River  Reservation 
in  Wyoming.   These  estimated  appropriations  must  then  be  account- 
ed for  when  determining  water  availability  in  the  Yellowstone 
River. 

Wyoming's  share  of  water  in  the  Yellowstone  Basin,  as  defined 
in  the  terms  of  the  Yellowstone  River  Compact,  also  has  not  been 
quantified.   The  compact  divides  unused  and  unappropriated  waters 
of  the  Yellowstone  River's  interstate  tributaries  (Clarks  Fork  of 
the  Yellowstone  River,  Tongue  River,  Powder  River,  and  Bighorn 
River)  as  of  January  1,  1950,  between  Wyoming  and  Montana. 


'  According  to  the  compact,  Wyoming  and  Montana  are  entitled  to 
the  following  percentages  of  surplus  flow  after  January  1,  1950: 

Percent  of  surplus  flow  allocated 

Tributary  Wyoming         Montana 

Clarks  Fork  60  40 

Bighorn  80  20 

Tongue  40  60 

Powder  42  58 

Surplus  flow  is  determined  on  an  annual  water  year  basis 
measured  from  October  1  of  any  year  through  September  30  of  the 
following  year.   The  quantity  of  water  to  which  the  percentage 
factors  (indicated  above)  shall  be  applied  through  a  given  date 
in  any  water  year  shall  be,  in  acre-feet,  equal  to  the  algebraic 
sum  of: 

(1)  the  total  diversion  for  irrigation,  municipal,  and 
industrial  uses  developed  after  January  1,  1950,  and 
above  the  point  of  measurement  during  the  period  from 
October  1  to  that  given  date; 

(2)  the  net  change  in  reservoir  storage  in  all  reservoirs 
above  the  point  of  measurement  completed  subsequent  to 
January  1,  1950,  during  the  period  from  October  1  to 
that  given  date; 

(3)  the  net  change  in  storage  in  existing  reservoirs  above 
the  point  of  measurement,  which  is  used  for  irrigation, 
municipal,  and  industrial  purposes  developed  after 
January  1,  1950,  during  the  period  October  1  to  that 
given  date; 

(4)  the  quantity  of  water  that  passed  the  point  of 
measurement  during  the  period  from  October  1  to  that 
given  date. 

(In  all  cases,  the  point  of  measurement  is  located  at  the 
confluence  of  the  interstate  tributaries  and  the  Yellowstone 
River. ) 

Supplemental  water  for  holders  of  water  rights  prior  to 
January  1,  1950,  also  is  subtracted  from  the  tributary  flows  to 
determine  surplus  flows.   Supplemental  water  is  defined  as  that 
quantity  of  unused  and  unappropriated  water  necessary  to  fully 
satisfy  the  water  requirements  of  pre-1950  water  rights  in  both 
states  and,  therefore,  cannot  be  allocated  between  the  states  in 
the  apportionment. 


Wyoming  has  independently  estimated  its  share  of  the  surplus 
flow  from  the  four  tributaries.   However,  Montana  does  not 
necessarily  agree  with  these  estimates.   It  is  obvious  that  some 
of  the  present  flow  in  the  tributaries  specified  in  the  compact 
may  not  be  available  to  Montana  in  the  future  because  Wyoming 
will  someday  appropriate  its  full  share. 


METHODS 


In  order  to  determine  the  amount  of  water  available  in  excess 
of  the  reservations,  the  water  reserved  for  consumptive  or  in- 
stream  uses  must  be  subtracted  from  the  flow  for  a  given  level  of 
development  at  the  proper  location,  as  if  it  had  already  been 
appropriated.   The  water  available  in  excess  of  the  reservations 
is  not  constant  because  of  annual  and  seasonal  variations  in  the 
flow  of  the  Yellowstone  River  and  its  tributaries.   Therefore, 
the  water  available  in  excess  of  the  reservations  varies  from 
year  to  year  as  well  as  during  the  course  of  a  year. 

A  computer  model  was  used  to  determine  the  amount  of  water 
available  for  appropriation  in  the  Yellowstone  Basin.   The  amount 
of  surplus  water  available  for  appropriation  was  determined  by 
accounting  for  all  reservations  and  estimating  depletions  for 
future  Wyoming,  Indian,  and  federal  uses.   Existing  uses  were 
accounted  for  by  using  the  1975  level  of  development  flows,  as 
determined  by  the  U.S.  Bureau  of  Reclamation,  and  subtracting  the 
depletions  for  provisional  water  rights  permits  issued  in  Montana 
between  1975  and  1981. 

The  model  was  developed  by  the  U.S.  Bureau  of  Reclamation, 
Upper  Missouri  Region,  in  Billings,  Montana,  and  is  referred  to 
as  the  Yellowstone  Basin  Operations  Study  Model  (Opstudy)  (USBOR 
1978) .   Opstudy  was  modified  by  DNRC  during  the  course  of  this 
study.   Therefore,  the  output  from  the  model  represents  the 
viewpoint  of  DNRC,  not  the  U.S.  Bureau  of  Reclamation. 

Opstudy  is  an  accounting  model  that  performs  a  mass  balance 
at  predetermined  nodes  (gauging  statons,  reservoirs,  or  other 
points  of  interest)  in  the  river  system.   Inputs  to  the  system 
(such  as  inflows  from  upstream  river  reaches,  tributary  inflows, 
irrigation  return  flows,  and  reservoir  releases)  and  losses  (such 
as  diversions  and  evaporation)  are  determined  between  nodes  and 
are  used  to  calculate  the  flow  at  a  given  node.   In  addition, 
when  the  calculated  streamflow  at  a  given  node  is  less  than  a 
requested  high  priority  reservation,  the  depletions  from  lower 
priority  reservations  are  reduced  to  meet  the  higher  priority 
reservation.   For  example,  if  instream  flow  reservations  are  not 
met  in  the  Yellowstone  River  at  Livingston,  irrigation  depletions 
would  be  reduced  until  the  reserved  amount  is  met. 

The  nodes  of  the  Yellowstone  River  Opstudy  model  are  shown  in 
Figure  1.   Figure  2  depicts  the  order  by  which  calculations  are 
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made  at  each  node.   The  flows  calculated  for  upstream  nodes  are 
used  to  determine  flows  for  downstream  nodes. 

A  more  detailed  description  of  the  Opstudy  computer  model  and 
its  subroutines  is  presented  in  Appendix  A.   Four  subroutines, 
each  for  a  different  portion  of  the  Yellowstone  River  basin,  are 
incorporated  into  the  model.   Furthermore,  in  Appendix  A,  the 
logic  of  each  subroutine  and  the  manner  in  which  the  subroutines 
are  interrelated  for  determining  water  availability  in  the  entire 
basin  are  described. 

Opstudy  computes  monthly  streamflows,  adjusted  for  all  inputs 
and  internodal  relationships,  at  each  node.   The  most  important 
source  of  input  data  for  the  nodes  at  gauging  stations  is  the 
1975  level  of  development  flows.   These  flows  are  calculated  by 
adjusting  the  historical  flow  of  any  given  year  before  1975  by 
the  difference  between  the  depletions  that  occurred  in  1975  and 
the  depletions  that  occurred  during  the  year  of  interest.   When 
this  is  done,  the  streamflows  represent  flows  that  would  occur  as 
though  the  depletions,  diversions,  and  reservoir  operations  that 
existed  in  1975  had  been  in  operation  throughout  the  entire 
period  of  record. 

The  1975  level  of  development  flows  for  the  period  1939-1975 
were  used  in  the  Yellowstone  Opstudy  model.   These  flows  were 
obtained  from  the  U.S.  Bureau  of  Reclamation.   The  methods  used 
to  determine  these  flows  are  outlined  in  the  report:   Yellowstone 
River  Basin  and  Adjacent  Coal  Fields;  Depletion  Study  -  1975 
Level  of  Development  (USBOR  1976) . 

The  Yellowstone  Opstudy  model  does  not  compute  streamflows  in 
the  Bighorn  River  Basin  above  St.  Xavier,  which  is  approximately 
85  miles  upstream  from  the  confluence  of  the  Bighorn  and  Yellow- 
stone rivers  and  approximately  2.5  miles  downstream  from  Yellow- 
tail  Dam.   Streamflow  data  at  St.  Xavier  were  generated  by  the 
Bighorn  River  Opstudy  model  developed  by  the  U.S.  Bureau  of 
Reclamation.   These  flows  reflect  the  operation  of  Yellowtail  Dam 
and  include  estimated  depletions  from  the  Wyoming  portion  of  the 
Bighorn  River  Basin.   Depletions  for  Wyoming  were  obtained  from 
the  Yellowstone  Level  B  Year  2000  Recommended  Development  Plan  in 
the  Report  on  the  Yellowstone  Basin  and  Adjacent  Coal  Area^ 
Volume  7;  Wind-Biahorn-Clarks  Fork  (MRBC  1978a) .   These  deple- 
tions represent  development  levels  for  the  year  2000,  as  esti- 
mated by  the  Missouri  River  Basin  States  Association  (formerly 
the  Missouri  River  Basin  Commission)  in  cooperation  with  state 
and  federal  agencies. 

Opstudy  calculates  the  monthly  and  annual  excess  flows  at 
each  gauging  station  represented  by  a  node  in  the  model.   The 
excess  flows  represent  the  amount  of  water  that  would  be  avail- 
able for  consumptive  use  after  all  of  the  reservations  and 
estimated  future  depletions  have  been  taken  into  account.   Future 
depletions  include  estimates  for  Wyoming  from  the  Level  B-2000 
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study  as  well  as  Indian  and  non-Indian  federal  reserved  water 
rights.   The  storage  reservations  were  filed  by  the  U.S.  Bureau 
of  Reclamation  and  DNRC. 

All  of  the  input  data  required  to  run  the  model  are  described 
in  Appendix  B.   The  methods  used  to  calculate  depletions  asso- 
ciated with  the  consumptive  reservations  and  estimated  future 
uses  are  also  described. 

The  excess  flows  at  a  given  node  include  the  accumulated 
excess  flows  for  all  upstream  nodes.   For  example,  excess  flows 
at  Billings  include  the  excess  flows  calculated  for  the  Clarks 
Fork  at  Edgar,  the  Stillwater  River  near  Absarokee,  the 
Yellowstone  at  Livingston,  and  all  excess  flows  available  on  the 
Yellowstone  from  Livingston  to  Billings. 

During  months  when  there  is  no  excess  flow  at  a  given  node, 
adjustments  are  made  in  the  model  so  that  a  portion  or  all  of  the 
excess  flows  at  upstream  nodes  are  not  available  for  appropria- 
tion because,  if  appropriated,  they  would  only  increase  the 
shortage  downstream.   For  example,  when  flows  at  Billings  do  not 
meet  all  of  the  reservations,  excess  flows  at  Livingston  are 
decreased,  even  though  the  streamflow  at  that  location  may  exceed 
all  of  the  reservations.   If  the  shortage  at  Billings  is  greater 
than  the  excess  flow  at  Livingston,  the  excess  flow  at  Livingston 
is  set  at  zero.   Otherwise,  the  excess  Livingston  flow  is  de- 
creased by  an  amount  equal  to  the  shortage  at  Billings. 

Because  the  1975  level  of  development  flows  are  used  to  gen- 
erate the  model  output,  the  excess  flows  represent  37  years  of 
data  that  reflect  the  effect  of  all  reservations  and  future 
estimates  of  depletions  on  water  availability  over  varying 
hydrologic  conditions.   From  this,  Opstudy  calculates  average 
excess  flows  and  exceedance  frequencies  at  the  80th,  60th,  40th 
and  20th  percentile  levels  on  a  monthly  and  annual  basis. 


RESULTS 


The  excess  flows  calculated  by  the  model  are  shown  in  Tables 
2  through  10.   One  table  is  presented  for  each  basin  gauging 
station  represented  by  a  node  in  the  model.   The  percentile  flow 
levels  are  interpreted  in  the  following  manner:   The  80th  percen- 
tile flow  for  a  given  month  indicates  that,  based  on  the  37-year 
period  of  generated  data,  the  given  flow  will  be  equalled  or 
exceeded  eight  out  of  ten  years,  on  the  average.   For  example,  in 
Table  10,  the  excess  flow  in  the  Yellowstone  River  at  Sidney 
during  January  is  at  least  50,100  acre-feet  eight  out  of  ten 
years,  on  the  average. 

Readers  should  note  that  the  sum  of  the  monthly  frequency 
flows  will  not  equal  the  annual  frequency  flows,  since  different 
data  are  used  to  calculate  these  flows. 
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January 

February 

March 

April 

May 

June 

July 

August 


TABLE  2 

EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  LIVINGSTON,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
M^^n   percpnfnp  percpnMiP  Percentile  Percentile  percentUe 


1.9 

3.0 

2.4 

5.0 

96.8 

224.7 

203.9 

47.3 


September  18.5 

October  5.2 

November  6.3 

December  3.5 

Annual  618.4 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6.2 


0.0 
0.0 
0.0 
0.0 
0.0 
6.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
264.6 


0.0 
0.0 
0.0 
0.0 
19.3 
107.8 
184.3 
0.0 
2.7 
0.0 
0.0 
0.0 
544.3 


0.0 
0.0 
0.0 
0.0 
90.4 
192.4 
247.2 
12.0 
7.3 
0.0 
0.0 
0.0 
727.8 


4.3 
5.0 
3.3 
0.0 
225.1 
526.5 
388.3 
114.0 
36.7 
3.0 
12.0 
7.1 
1225.7 
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TABLE  3 


EXCESS  FLOWS:  STILLWATER  RIVER  AT  ABSAROKEE,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
Mean Peiccentllg Percentile  Percentile  Percentile  Percentile 


January 

3.9 

0.0 

February 

3.7 

0.0 

March 

4.1 

0.0 

April 

8.6 

0.0 

May 

35.0 

0.0 

June 

78.8 

0.0 

July 

77.5 

0.0 

August 

17.2 

0.0 

September 

7.5 

0.0 

October 

7.2 

0.0 

November 

7.9 

0.0 

December 

5.4 

0.0 

Annual 

256.7 

22.5 

0.5 
1.8 
0.7 
0.0 
0.0 
6.2 
0.0 
0.0 
0.0 
0.0 
5.4 
5.4 
206.1 


4.1 

3.7 

2.9 

0.0 

21.2 

84.1 

86.8 

0.0 

1.5 

2.9 

10.9 

6.2 

241.0 


5.5 

4.1 

4.2 

11.2 

49.1 

111.4 

103.1 

12.0 

7.3 

9.2 

12.0 

7.5 

329.8 


7.5 

7.1 

6.8 

15.8 

77.6 

149.5 

139.3 

42.5 

13.6 

14.6 

13.4 

9.1 

414.7 
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TABLE  4 


EXCESS  FLOWS:  CLARKS  FORK  AT  EDGAR,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
Mean   Percentile  Percentile  Percentile  Percentile  Percentile 


January 

6.1 

0.0 

February 

6.3 

0.0 

March 

6.3 

0.0 

April 

6.3 

0.0 

May 

29.5 

0.0 

June 

53.8 

0.0 

July 

43.3 

0.0 

August 

10.6 

0.0 

September 

6.9 

0.0 

October 

9.4 

0.0 

November 

8.2 

0.0 

December 

8.3 

0.0 

Annual 

195.0 

33.2 

0.5 
4.5 
2.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.4 
9.3 
134.4 


6.9 

7.1 

5.9 

0.0 

21.2 

26.5 

19.2 

0.0 

0.0 

6.9 

10.0 

10.2 

165.6 


8.8 

8.4 

8.2 

2.2 

28.5 

54.3 

35.7 

0.0 

3.3 

10.6 

10.8 

11.2 

204.0 


12.7 
10.4 
10.3 
10.6 
67.0 

133.2 
83.5 
25.6 
13.8 
15.4 
16.2 
12.9 

347.6 
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TABLE  5 


EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  BILLINGS,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
Mean Percentile Percentile Percentile  Percentile  Percentile 


January 

14.4 

0.0 

February 

26.2 

0.0 

March 

22.0 

0.0 

April 

39.8 

0.0 

May 

129.7 

0.0 

June 

281.9 

0.0 

July 

330.9 

0.0 

August 

55.9 

0.0 

September 

27.5 

0.0 

October 

38.8 

0.0 

November 

25.6 

0.0 

December 

18.8 

0.0 

Annual 

1011.5 

120.1 

0.5 
4.8 
2.2 
0.0 
0.0 
6.2 
0.0 
0.0 
0.0 
0.0 
5.4 
10.0 
630.0 


10.7 

14.3 

5.9 

0.0 

21.2 

118.4 

196.0 

0.0 

2.7 

6.9 

13.7 

17.5 

856.8 


12.9 

22.1 

17.8 

17.2 

101.8 

380.4 

373.5 

12.0 

7.3 

34.6 

27.3 

24.1 

1137.8 


30.7 

51.7 

38.2 

71.9 

288.4 

666.3 

596.1 

114.0 

50.7 

77.5 

49.3 

33.5 

1853.0 
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January 

February 

March 

April 

May 

June 

July 

August 


TABLE  6 

EXCESS  FLOWS:  TONGUE  RIVER  AT  MILES  CITY,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
M^an   Perc*>ntile  Perr.Pntlle  Percentile  peycentUe  p^ycent^le 


4.1 

8.8 

18.1 

10.2 

22.5 

58.0 

7.4 

0.0 


September  0.3 

October  3.9 

November  5.0 

December  3.3 

Annual  141.7 


0.0 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
13.3 


0.8 
0.4 
0.2 
0.1 
0.0 
6.2 
0.0 
0.0 
0.0 
0.0 
0.1 
0.7 
70.4 


1.9 
2.0 
4.3 
0.1 
0.0 
49.1 
0.0 
0.0 
0.1 
0.0 
0.1 
1.8 
107.2 


3.4 
4.8 
14.2 
0.1 
33.8 
65.6 
0.0 
0.0 
0.1 
0.0 
7.7 
3.2 
173.7 


7.2 

12.0 

30.9 

22.6 

45.0 

105.4 

15.1 

0.0 

0.1 

10.2 

10.9 

6.4 

244.4 
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TABLE  7 


EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  MILES  CITY,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
Mean Petcgnti,Xe Percentile  Percentile  Percentile  Percentile 


January 

135.1 

24.5 

February 

176.1 

85.7 

March 

146.0 

0.0 

April 

119.0 

0.0 

May 

139.9 

0.0 

June 

293.2 

0.0 

July 

334.2 

0.0 

August 

60.6 

0.0 

September 

32.5 

0.0 

October 

78.0 

0.0 

November 

97.6 

0.0 

December 

130.4 

32.7 

Annual 

1742.6 

343.1 

94.6 

130.5 

82.6 

30.3 

0.0 

6.2 

0.0 

0.0 

0.0 

1.6 

15.5 

95.4 

1044.0 


143.1 

148.8 

110.8 

77.4 

42.9 

118.4 

196.0 

12.0 

7.3 

6.9 

38.3 

141.1 

1671.4 


153.9 
183.3 
162.3 

99.7 
101.8 
380.4 
373.5 

12.0 
7.3 

60.7 

118.7 

171.4 

2029.1 


231.2 
257.0 
250.3 
274.6 
288.4 
690.2 
632.8 
114.0 
50.7 
157.2 
221.7 
213.4 
2747.8 
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TABLE  8 


EXCESS  FLOWS:  POWDER  RIVER  AT  LOCATE,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 

Mean   Percentile  Percentile  Percentile  Percentile  Percentile 


January 

8.6 

0.2 

February 

25.4 

0.1 

March 

53.1 

0.0 

April 

17.3 

0.0 

May 

12.3 

0.0 

June 

53.4 

0.0 

July 

15.2 

0.0 

August 

4.0 

0.0 

September 

5.4 

0.0 

October 

14.4 

0.0 

November 

10.1 

0.0 

December 

7.4 

0.2 

Annual 

226.7 

59.7 

6.4 
8.2 
7.6 
0.0 
0.0 
0.6 
0.0 
0.0 
0.0 
0.3 
8.4 
6.8 
167.5 


9.8 

11.6 

24.2 

0.2 

0.0 

25.7 

1.3 

1.0 

0.6 

8.8 

11.7 

8.3 

198.5 


10.4 
15.1 
40.8 
12.6 

0.0 
59.8 
13.8 

1.0 

0.6 
17.0 
13.8 

8.7 
245.6 


14.6 
33.1 
99.1 
31.6 
25.6 
88.5 
29.9 
1.0 
14.5 
25.7 
18.9 
10.4 
366.9 
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TABLE  9 


EXCESS  FLOWS:  BIGHORN  RIVER  AT  ST.  XAVIER,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
Mean   Percentile  Percentile  Percentile  Percentile  Percentile 


January 

6.7 

February 

20.2 

March 

0.2 

April 

16.0 

May 

8.8 

June 

0.5 

July 

11.4 

August 

0.0 

September 

3.8 

October 

20.3 

November 

13.2 

December 

9.0 

Annual 

110.2 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

n.o 

0.0 
0.0 


0.0 
3.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.2 


0.0 
10.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
20.8 


0.0 
20.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.2 
0.0 
0.0 
104.0 


12.1 

40.7 

0.0 

46.5 

5.0 

0.0 

24.0 

0.0 

0.0 

48.5 

29.9 

17.1 

230.9 
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TABLE  10 


EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  SIDNEY,  MONTANA 
(thousand  acre-feet) 


Mean 


80th        60th        50th 
Percentile  Percentile  Percentile  Percentile 


January 

159.5 

50.1 

February 

196.9 

75.2 

March 

275.4 

0.0 

April 

162.8 

0.0 

May 

124.7 

0.0 

June 

385.0 

0.0 

July 

340.7 

0.0 

August 

65.2 

0.0 

September 

52.5 

0.0 

October 

94.3 

0.0 

November 

104.7 

0.0 

December 

140.9 

34.4 

Annual 

2102.5 

476.7 

138.3 

145.7 

171.3 

2.7 

0.0 

62.1 

0.0 

0.0 

0.0 

11.1 

36.3 

89.6 

1270.6 


156.9 

165.5 

219.7 

53.9 

21.8 

157.2 

118.9 

14.7 

9.5 

25.7 

53.5 

125.1 

2055.5 


40th 
rcentile 

20th 
Percentile 

189.4 

261.1 

195.5 

273.6 

268.5 

420.2 

116.1 

306.4 

75.8 

197.8 

491.9 

824.9 

365.3 

646.9 

41.2 

119.0 

15,3 

81.0 

92.8 

184.3 

127.7 

201.4 

185.4 

253.8 

2314.7 

3526.8 
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Monthly  frequency  flows  are  calculated  by  ranking  the  excess 
flows  for  the  different  months  from  highest  to  lowest  flows  then 
determining  the  proper  percentage  of  the  ranked  sample  that  falls 
within  a  given  frequency.   The  member  of  the  sample  closest  to 
the  cutoff  percentage  represents  the  value  listed  in  Tables  2 
through  10  for  the  proper  frequency. 

The  flows  are  ranked  for  each  month  following  the  procedure 
just  described.   The  same  procedure  is  used  to  rank  the  annual 
flows.   Thus,  there  are  thirteen  separate,  independent  datasets 
analyzed.   A  given  percentile  annual  flow  does  not  represent  the 
summation  of  the  monthly  flows  for  the  same  percentile,  but  is 
the  result  of  a  separate  analysis  conducted  using  only  annual 
flows. 

The  monthly  analyses  indicate  the  amount  of  water  available 
for  appropriation  directly  from  the  river,  particularly  for 
irrigation.   Assuming  that  a  reliable  supply  of  irrigation  water 
is  needed  in  at  least  eight  out  of  ten  years,  the  tables  show 
that  there  is  not  a  reliable  supply  of  that  amount  of  water 
anywhere  in  the  Yellowstone  mainstem;  the  80th  percentile  flows 
are  all  0.0  for  the  irrigation  months.   The  majority  of  the  60th 
percentile  flows  are  also  0.0  during  the  irrigation  season  be- 
cause of  the  relatively  large  instream  flow  requirements. 

The  annual  frequency  flows  indicate  that  water  is  available 
throughout  the  basin  on  a  yearly  basis.   This  water  would  be 
available  for  offstream  storage  projects  and  could  be  used  for 
irrigation  or  industrial  purposes,  depending  on  the  costs 
associated  with  the  storage. 

All  of  the  excess  flow  calculations  are  affected  by  the  val- 
ues estimated  for  future  Wyoming  depletions  and  Indian  reserved 
water  rights.   The  excess  flows  also  reflect  the  assumption  that 
all  of  the  reservations  are  final.   As  previously  mentioned,  the 
Board  of  Natural  Resources  and  Conservation  has  the  authority  to 
modify  each  reservation  if  the  objectives  of  the  reservation  are 
not  met  or  progress  towards  the  completion  of  necessary  facili- 
ties is  not  made.   Therefore,  the  excess  flows  in  Tables  2 
through  10  should  be  viewed  as  the  amount  of  water  available  for 
appropriation,  considering  all  of  these  assumptions.   The  values 
should  be  used  only  to  obtain  general  information  on  water  avail- 
ability and  the  seasonal  availability  of  water  in  the  basin. 

Because  all  of  the  consumptive  reservations  of  Yellowstone 
River  Basin  water  have  yet  to  be  developed,  and  because  Indian 
reserved  water  rights  and  the  amounts  of  water  apportioned  to 
Wyoming  under  the  Yellowstone  River  Compact  have  yet  to  be 
quantified  or  developed,  some  additional  water  in  excess  of  the 
flows  presented  in  Tables  2  through  10  is  now  available  for  use. 
This  water  would  be  available  on  a  provisional  basis  until  the 
reservations,  Indian  reserved  water  rights,  and  Wyoming's  share 
of  the  water  under  the  terms  of  the  Yellowstone  River  Compact 
have  been  quantified,  developed,  and  put  to  beneficial  use. 
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Water  availability  in  excess  of  the  flows  described  in  Tables  2 
through  10  is  calculated  in  Appendix  C.   The  depletions  used  to 
calculate  provisional  water  availability  also  are  explained  in 
that  appendix. 

The  values  in  Tables  2  through  10  indicate  that  little  or  no 
water  for  direct  withdrawal  for  irrigation  is  available  in  the 
basin.   Therefore,  the  logical  alternative  for  obtaining  irri- 
gation water  would  seem  to  be  through  the  irrigation  reservations 
of  the  Conservation  Districts  (CDs)  in  the  basin.   However,  all 
of  the  water  reserved  by  the  CDs  may  not  be  available  during  a 
given  year.   This  is  particularly  true  above  Billings,  where  the 
irrigation  reservations  are  junior  to  the  instream  flow  reserva- 
tions.  Future  depletions  in  the  Wyoming  portion  of  the  Yellow- 
stone Basin  and  by  the  Northern  Cheyenne  and  Crow  Indians  may 
also  have  a  minor  effect  on  the  amount  of  water  available  for  the 
irrigation  reservations  below  Billings.   The  availability  of 
water  for  the  irrigation  reservations  is  analyzed  in  Appendix  D. 
Results  indicate  that  shortages  would  occur  if  the  irrigation 
reservations  in  the  portion  of  the  basin  above  Billings  were 
fully  developed.   Below  Billings,  where  the  irrigation  reserva- 
tions are  senior  to  the  instream  flow  reservations,  no  signi- 
ficant shortages  are  expected. 
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APPENDIX  A 

DETAILED  DESCRIPTION  OF  DNRC  VERSION  OF 

YELLOWSTONE  RIVER  OPERATIONS  STUDY 


INTRODUCTION 

The  computer  model  consists  of  four  subroutines  designed  to 
calculate  water  availability  at  the  locations  shown  in  Figure  1. 
The  subroutine  names  and  the  portions  of  the  basin  to  which  they 
apply  are: 

COMPUT  -  Yellowstone  River  mainstem  from  above  Livingston  to 
Sidney,  including  the  Stillwater  River,  the  Clarks 
Fork  of  the  Yellowstone  River,  and  the  Bighorn 
River  below  St.  Xavier. 

TONGUE  -  Tongue  River  Basin  and  its  tributaries  in  Wyoming 
and  Montana. 

POWDER  -   Powder  River  Basin  and  its  tributaries  in  Wyoming 
and  Montana. 

SUNDAY  -  Proposed  Yellowstone  River  offstream  storage 
reservoirs  between  Billings  and  Miles  City. 

The  streamflows  calculated  in  the  TONGUE  and  POWDER 
subroutines  are  used  to  determine  streamflows  for  the  COMPUT 
subroutine.   Water  available  as  inflow  to  the  SUNDAY  subroutine 
is  calculated  in  the  COMPUT  subroutine;  releases  in  excess  of  the 
demands  are  input  at  a  downstream  location  in  the  COMPUT  sub- 
routine.  Streamflows  in  the  Bighorn  River  downstream  to  St. 
Xavier  were  computed  in  the  U.S.  Bureau  of  Reclamation's  Bighorn 
River  Opstudy  model.   Therefore,  these  flows  were  external  input 
to  the  Yellowstone  model.   Depletions  below  St.  Xavier  and  the 
resultant  streamflows  at  the  mouth  of  the  Bighorn  River  were 
calculated  in  the  COMPUT  subroutine  of  Yellowstone  Opstudy  Model. 

In  order  to  determine  water  availability  with  the  Yellowstone 
Opstudy  model,  the  following  types  of  data  were  required: 

1.  1975  level  of  development  flows 

2.  Expected  future  depletions 

3.  Reservoir  operating  criteria 

4.  Instream  flow  reservations 

5.  Municipal,  irrigation,  and  multipurpose  storage 
reservations 

6.  Water  rights  granted  in  Montana  since  1975. 

All  of  the  categories  above,  except  reservoir  operating  cri- 
teria, are  presented  and  explained  in  Appendix  B.   Reservoir 
operating  criteria  are  explained  in  this  appendix. 

The  model  operates  on  a  monthly  time  step  and  generates 
output  for  the  same  interval.   A  mass  balance  is  performed  on 
each  node,  which  accounts  for  gains  and  losses  in  a  given  month. 
The  following  parameters  can  contribute  to  a  gain  at  any  given 
node: 
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1.  Calculated  inflows  from  upstream  nodes 

2.  Section  gain  (Inflows  from  node  of  interest  to  next 
upstream  node.   These  are  1975  level  of  development  flows 
and  include  inflows  from  all  tributaries  in  the  channel 
reach. ) 

3.  Irrigation  return  flows 

4.  Reservoir  releases 

5.  Reservoir  spills. 

Return  flows  from  municipal,  industrial,  and  energy  related 
uses  are  subtracted  from  diversions  external  to  the  model. 
Therefore,  when  determining  water  availability,  Opstudy  only 
accounts  for  the  depletions  associated  with  these  uses.   For  this 
reason,  return  flows  are  not  considered  to  be  gains  at  any  given 
node. 

Possible  losses  that  can  occur  at  any  given  node  are: 

1.  Irrigation  depletions 

2.  Energy  development  depletions 

3.  Industrial  depletions 

4.  Livestock  depletions 

5.  Non-energy  mineral-related  depletions 

6.  Reservoir  inflow 

7.  Reservoir  evaporation. 

For  the  purpose  of  this  report  and  in  the  framework  of  the 
model,  a  diversion  is  defined  as  the  total  withdrawal  at  a  given 
location  from  a  surface  water  supply.   A  portion  of  this  total 
withdrawal  returns  to  the  surface  water  supply  from  either  diver- 
sion loss  return  flows,  or  return  flows  from  the  point  of  use. 
Depletions  are  defined  as  the  fraction  of  the  diversion  that  is 
lost  to  the  source  of  supply.   These  losses  are  due  to  consump- 
tive factors,  such  as  evaporation,  plant  transpiration,  or  deep 
percolation. 

Depletions  from  the  Yellowstone  mainstem  accounted  for  in  the 
model  were  simply  subtracted  from  the  streamflow  at  the  proper 
node.   Diversions  from  the  mainstem  were  not  directly  accounted 
for;  they  were  handled  indirectly  because  they  were  never  sub- 
tracted from  the  streamflow.   The  underlying  assumption  with 
using  this  method  is  that  the  diversion  losses  would  return  to 
the  mainstem  in  a  relatively  short  amount  of  time  and  need  not  be 
subtracted  from  the  streamflow.   Also,  the  diversion  losses  would 
actually  accrue  throughout  a  stream  reach  defined  by  two  nodes. 
However,  because  of  the  nodal  structure  of  Opstudy,  the  diversion 
losses  (gains  to  the  mainstem)  can  only  be  accounted  for  at  the 
end  of  each  reach.   If  diversions,  rather  than  depletions,  were 
subtracted  from  the  mainstem  streamflow,  shortages  that  do  not 
actually  exist  could  be  calculated. 

Water  would  be  diverted  to  fill  and  operate  the  U.S  Bureau  of 
Reclamation's  three  proposed  off stream  storage  reservoirs  between 
Billings  and  Miles  City,  as  well  as  Utah  International  Inc.'s 
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Fence  Creek  Project  on  the  Powder  River  near  the  Wyoming-Montana 
border.   Thus,  releases  from  these  reservoirs  are  accounted  for 
in  the  model  on  the  basis  of  diversions  rather  than  depletions. 
Diversion  losses  are  accounted  for  because  releases  from  the 
reservoirs  are  added  to  the  flow  at  Miles  City  and  depletions  are 
subtracted.   The  difference  between  these  two  terms  represents 
the  diversion  loss,  or  addition  to  the  mainstem  streamflow. 

The  predicted  water  uses  for  Wyoming  in  the  Tongue  River  and 
Powder  River  basins  (Level  B  Year  2000  study)  are  handled  as 
depletions  in  the  model.   They  are  not  accounted  for  as  diver- 
sions for  two  reasons: 

1.  The  predicted  withdrawals  are  not  separated  into 
categories  defining  withdrawals  from  the  mainstem  of 
the  Tongue  and  Powder  rivers  and  withdrawals  from 
proposed  reservoirs  in  these  basins. 

2.  The  Level  B  Year  2000  Study  has  suggested  that 
reservoirs  be  built  to  accommodate  these  predicted 
withdrawals  (these  are  the  reservoirs  operated  in  the 
TONGUE  and  POWDER  subroutines).   However,  the  reser- 
voirs, particularly  those  on  the  Powder  River,  are  not 
designed  to  supply  all  of  the  withdrawals  predicted  in 
the  study. 

Many  smaller  reservoirs  exist  or  are  proposed  to  handle  the 
withdrawals  needed  to  supply  the  irrigation  reservations  in 
Montana.   Because  of  the  small  size  of  these  impoundments,  they 
are  handled  as  "run  of  the  river"  systems  in  the  model.   With- 
drawals from  these  projects  are  handled  as  depletions,  in  the 
same  manner  as  depletions  are  modeled  on  the  Yellowstone 
mainstem. 

In  addition  to  performing  mass  balances  at  each  node,  the 
model  checks  the  calculated  streamflow  with  the  instream  flow 
requirements  for  the  node.   Depending  on  the  priority  of  the 
instream  flow  reservation  at  the  node,  the  model  may  readjust 
specific  losses  (such  as  irrigation  depletions)  in  order  to 
increase  the  streamflow  and  meet  the  instream  flow  requirement. 

The  four  subroutines  in  the  DNRC  Yellowstone  Basin  Opstudy 
model  are  discussed  separately  in  the  following  pages. 
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COMPUT  SUBROUTINE 

The  COMPUT  subroutine  calculates  streamtlows  and  determines 
water  availability  on  the  Yellowstone  mainstem  from  Livingston  to 
Sidney.   It  also  calculates  water  availability  and  streamflows  at 
the  mouths  of  the  Stillwater  River  and  the  Clarks  Fork  of  the 
Yellowstone  River.   Outflows  generated  from  the  TONGUE,  POWDER 
and  SUNDAY  subroutines  are  used  as  inputs  to  the  COMPUT  sub- 
routine and  are  added  to  the  streamtlows  in  the  Yellowstone 
mainstem  at  the  proper  location.   Streamflows  from  the  Bighorn 
River  above  St.  Xavier,  computed  by  the  U.S  Bureau  of  Reclama- 
tion's Bighorn  River  Operations  Study  model,  also  are  used  as 
input  to  the  COMPUT  subroutine. 

Inflows  from  tributaries  to  the  Yellowstone  River  (other  than 
the  Tongue,  Powder  and  Bighorn  rivers)  are  accounted  for  in 
"section  gains."   Section  gains  are  defined  as  the  increase  in 
streamflows  (1975  level  of  development  flows)  from  one  node  to 
the  next  downstream  node.   Because  these  flows  were  developed 
from  historical  flows  at  gauging  stations  on  the  Yellowstone 
mainstem,  they  account  for  all  tributaries  contributing  to  the 
flow  between  the  gauging  stations.   For  example,  the  inflows  from 
the  Shields  River,  the  Boulder  River,  Sweet  Grass  Creek,  and  all 
smaller  tributaries  are  accounted  for  in  the  section  gain  on  the 
Yellowstone  River  from  Livingston  to  Billings. 

Reservations  and  water  rights  granted  since  1975  that  pertain 
to  depletions  from  the  tributaries  to  the  Yellowstone  are  handled 
in  a  similar  manner.   The  input  to  the  model  aggregates  all 
depletions  (according  to  use)  that  occur  between  nodes.   There- 
fore, no  distinctions  are  made  regarding  the  location  of  the 
depletions  within  the  node.   All  depletions,  from  both  the  main- 
stem  and  the  tributaries,  are  subtracted  from  the  streamtlow  at 
the  node. 

Yellowstone  River  above  Billings 

Above  Billings,  where  instream  flow  reservations  have  a 
higher  priority  than  irrigation  reservations,  the  streamflows  are 
calculated  as  follows: 

1.  Subtract  depletions  from  the  1975  level  of  development 
flow 

2.  Compare  the  computed  flow  with  the  instream  flow 
requirement 

3.  If  the  computed  flow  is  less  than  the  instream  flow 
requirement,  decrease  irrigation  depletions  so  that  the 
computed  flow  equals  the  instream  flow  requirement 
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4.     If  the  difference  between  the  computed  flow  and  the 
instream  flow  requirement  is  greater  than  the  irri- 
gation depletion,  the  irrigation  depletion  is  set  at 
zero;  the  water  shortage  is  then  the  difference  between 
the  instream  flow  requirement  and  the  computed  flow. 

This  procedure  is  used  to  calculate  streamflows  for  the 
following  nodes  in  the  COMPUT  subroutine: 

-  Yellowstone  River  at  Livingston 

-  Stillwater  River  at  Absarokee 

-  Clarks  Fork  of  the  Yellowstone  River  at  Edgar, 

Figure  A-1  is  a  flow  chart  depicting  the  above  procedure. 
The  node  for  the  Yellowstone  River  at  Livingston  is  used  in  this 
example. 

Streamflows  at  Billings  are  calculated  by  subtracting  all  of 
the  depletions  in  the  node  from  the  1975  level  of  development 
flows.   However,  if  an  instream  flow  shortage  exists  at  Billings, 
the  following  procedure  is  used  to  readjust  irrigation  deple- 
tions: 

1.  The  irrigation  depletions  from  Livingston  to  Billings 
(including  the  Stillwater  River  and  Clarks  Fork  of  the 
Yellowstone  River)  are  totalled. 

2.  The  percentage  of  total  irrigation  depletion 
attributable  to  each  node  is  determined. 

3.  The  irrigation  depletions  are  decreased  at  each  node, 
according  to  the  percentages  developed  in  the  above 
step,  to  meet  the  instream  flow  requirement  at 
Billings. 

A  hypothetical  case  may  help  to  explain  these  procedures. 

Suppose,  for  example,  that  the  instream  flow  shortage  at 
Billings  was  10  acre-feet  in  July  and  the  irrigation  depletions 
for  that  month  were  8  acre-feet  for  the  Billings  node,  6  acre- 
feet  for  the  Clarks  Fork,  4  acre-feet  for  the  Stillwater,  and  2 
acre-feet  above  Livingston. 

The  total  depletion  would  be  20  acre-feet  and  the  depletion 
percentage  attributable  to  each  station  would  be: 

Billings  40% 

Clarks  Fork  30% 

Stillwater  20% 

Livingston  10% 

The  irrigation  depletions  at  each  station  would  then  be 
decreased  by  4 ,  3,  2  and  1  acre-feet,  respectively. 
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FIGURE  A-2. 


ADJUSTMENT  OF  DEPLETIONS  AT  LIVINGSTON  TO 
MITIGATE  INSTREAM  FLOW  SHORTAGE  AT  BILLINGS, 


Flow  at  Billings 


Total  irrigation  = 
sum  of  all  irrigation 
depletions  to  Billings 


Instream  flow 
shortage 


■*-  NO 


YES 


Shortage  =  instream 

flow  requirement  - 

flow  at  Billings 

» 


Irrigation  season 


YES 

A. 


Shortage  greater 
than  total  irrigation 


NO 


Adjusted  depletion  = 

Livingston  depletion/ 

total  irrigation 


-►  NO 


-*►  YES 


Livingston  shortage  = 
Livingston  depletion  + 
Livingston  shortage 


Livingston  depletion 
=  0.0 


Livingston  depletion  = 
Livingston  depletion  - 
(adjusted  depletion  x  storage) 


Livingston  shortage  = 
(adjusted  depletion  x  storage) 
+  Livingston  shortage 


Flow  at  Livingston  = 
flow  at  Livingston  - 
Livingston  depletion 


Flow  at 
Billings 
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Additionally,  if  decreases  in  irrigation  depletions  had  been 
previously  computed  at  upstream  stations,  the  decreases  asso- 
ciated with  the  instream  flow  shortage  at  Billings  would  be  added 
to  the  previously  calculated  decreases.   The  flow  chart  in  Figure 
A-2  illustrates  the  manner  in  which  irrigation  depletions  at 
Livingston  are  adjusted  to  compensate  for  instream  flow  shortages 
at  Billings. 

If  instream  flow  shortages  still  exist  at  Billings  after  all 
of  the  adjustments  to  irrigation  depletions  have  been  made,  the 
excess  flows  at  Billings  and  all  upstream  nodes  are  considered  to 
be  zero,  even  though  water  in  excess  of  the  instream  flow 
requirement  at  the  upstream  nodes  may  have  been  previously 
calculated.   This  is  due  to  the  accounting  nature  of  the  Opstudy 
model.   It  is  assumed  that  removing  a  unit  of  water  at  an  up- 
stream location  would  decrease  the  potential  flow  at  the  next 
downstream  station  by  one  unit.   Therefore,  even  if  excess  water 
were  available  at  the  upstream  nodes,  its  removal  would  increase 
the  instream  flow  shortage  at  Billings. 

Yellowstone  River  below  Billings 

The  reservation  priorities  below  Billings  give  irrigation  a 
higher  priority  than  instream  flow  requirements.   Therefore,  when 
computed  streamflows  on  the  mainstem  below  Billings  (at  Miles 
City  and  Sidney)  are  less  than  instream  flow  reservations,  irri- 
gation depletions  from  the  mainstem  are  not  adjusted. 

Below  Billings,  offstream  storage  reservations  have  a  lower 
priority  than  instream  flow  requirements.   When  instream  flow 
shortages  exist,  no  water  is  available  for  inflow  to  the  proposed 
offstream  storage  reservoirs.   This  is  discussed  in  greater  de- 
tail in  the  section  pertaining  to  the  SUNDAY  subroutine. 

Because  instream  flow  requirements  have  a  lower  priority  than 
irrigation  reservations,  in  some  cases  the  calculated  streamflows 
at  Miles  City  or  Sidney  may  be  negative.   When  this  occurs, 
depletions  are  decreased  so  that  the  streamflow  equals  zero. 

The  following  uses,  in  the  order  in  which  they  are  listed, 
receive  priority  when  depletions  are  decreased  to  adjust  the  flow 
to  zero: 

1.  Irrigation 

2.  Industry 

3.  Energy 

4.  Livestock 

5.  Municipal. 

For  example,  if  the  flow  is  calculated  as  -5  acre-feet  and 
the  irrigation  depletion  for  that  month  is  6  acre-feet,  the 
irrigation  depletion  would  be  decreased  to  1  acre-foot.   If  the 
irrigation  depletion  were  less  than  5  acre-feet,  the  depletion 
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for  industry  would  then  be  decreased  in  order  to  eliminate  the 
negative  streamflow  calculation. 

Flows  at  the  mouth  of  the  Tongue  and  Powder  rivers  are 
calculated  in  the  TONGUE  and  POWDER  subroutines. 

Streamflows  on  the  Bighorn  River  downstream  to  St.  Xavier 
were  calculated  by  the  U.S.  Bureau  of  Reclamation  through  its 
Bighorn  River  Opstudy  Model.   Depletions  from  the  Bighorn  River, 
Wind  River,  and  Shoshone  River  in  Wyoming,  estimated  in  the 
Missouri  River  Basin  States  Association  Level  B  Year  2000  study, 
were: 

Irrigation  237,600  acre-feet/year 

Municipal  3,058  acre-feet/year 

Livestock  6,034  acre-feet/year 

Industrial  9,660  acre-feet/year. 

Two  reservoirs  in  the  Wyoming  portion  of  the  Bighorn  River 
Basin  were  accounted  for  in  the  model.   Boysen  Reservoir,  on  the 
Wind  River,  and  Buffalo  Bill  Reservoir,  on  the  Shoshone  River, 
were  accounted  for  using  the  present  operating  criteria.   The 
operating  criteria  for  the  reservoirs  are  presented  in  Tables  A-1 
and  A-2.   In  addition,  Yellowtail  Reservoir  on  the  Bighorn  River 
in  Montana  also  was  taken  into  account.   The  operating  criteria 
for  the  Yellowtail  Reservoir  are  presented  in  Table  A-3. 

Depletions  from  Boysen  Reservoir  used  in  the  Bighorn  River 
model  included  the  sale  of  57,400  acre-feet  of  water  per  year. 
Depletions  from  the  Yellowtail  Reservoir  included  the  sale  of 
300,000  acre-feet  per  year.   The  U.S.  Bureau  of  Reclamation  has 
the  right  to  sell  this  water  for  municipal  and  industrial  use. 

The  Bureau  of  Reclamation's  Bighorn  River  Opstudy  model  uses 
all  of  the  above  information  and  1975  level  of  development  flows 
on  the  Wind,  Shoshone,  and  Bighorn  rivers  to  calculate  the 
streamflow  in  the  Bighorn  River  at  St.  Xavier.   If  instream  flow 
shortages  exist  at  this  location,  the  irrigation  depletions  are 
not  adjusted  because  the  irrigation  water  rights  are  senior  to 
the  instream  flow  reservations.   Storage  rights  in  Yellowtail 
Reservoir  also  are  senior  to  instream  flow  reservations. 

Depletions  below  St.  Xavier  to  the  mouth  of  the  Bighorn,  the 
most  significant  being  136,400  acre-feet  per  year  for  irrigation 
on  the  Crow  Indian  Reservation,  were  accounted  for  with  the 
depletions  totalled  at  the  Miles  City  node  on  the  Yellowstone 
mainstem.   Tributary  inflows  below  St.  Xavier,  including  the 
Little  Bighorn  River,  were  accounted  for  by  the  section  gain  on 
the  Yellowstone  mainstem  from  Billings  to  Miles  City. 

Excess  flows  on  the  Yellowstone  mainstem  below  Billings  are 
calculated  by  subtracting  the  calculated  flow  from  the  instream 
flow  requirement.   If  the  calculated  difference  is  negative,  the 
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TABLE  A-1 
BOYSEN  RESERVOIR:   OPERATING  CRITERIA 


October- January:    Set  a  uniform  release  rate  to  reach  580,000 

acre-feet  storage  at  end  of  January. 

February:  Duplicate  release  during  January. 

March-July:         Assume  100%  of  runoff  forecast  on  March  1. 

Make  uniform  releases  to  fill  reservoirs 
(802,000  acre-feet)  by  end  of  July.   Maximum 
release  for  March  should  not  exceed  135,000 
acre-feet. 

August-September:    Release  inflow  but  not  less  than  72,000 

acre-feet  in  August  and  71,400  acre-feet  in 
September. 
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TABLE  A-2 
BUFFALO  BILL  RESERVOIR:   OPERATING  CRITERIA 


October- January : 
February-June: 

July-September : 
Restrictions: 


Set  a  uniform  release  rate  to  reach  a  storage 
of  200,000  acre-feet  by  the  end  of  January. 

Assume  100%  of  runoff  forecast  on  February  1. 
Make  releases  to  fill  reservoir  (423,900 
acre-feet)  at  end  of  June,  but  do  not  spill. 
Do  not  draw  storage  below  169,000  acre-feet 
until  after  April  1. 

After  reservoir  is  full  and  spilling  has 
ended,  release  irrigation  requirements  only. 

Release  at  dam  should  never  be  less  than  50 
cubic  feet  per  second.   Release  to  Heart 
Mountain  power  plant  must  always  exceed  200 
cubic  feet  per  second. 
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TABLE  A- 3 
YELLOWTAIL  RESERVOIR:   OPERATING  CRITERIA 


January-March: 
April- June: 

July: 
August-December ! 

Restrictions: 


Set  a  uniform  release  rate  to  reach  a  storage 
of  805,000  acre-feet  by  the  end  of  March. 

Assume  90%  of  runoff  forecast  on  April  1. 
Make  uniform  releases  to  fill  reservoir 
(1,116,000  acre-feet)  at  end  of  June. 

If  possible,  make  releases  to  draw  storage 
down  to  1,068,000  acre-feet. 

Release  inflows  or  release  enough  water  to 
draw  the  storage  down  to  980,000  acre-feet  in 
December, 

Minimum  flow  during  nonirrigation  season  is 
1,000  cubic  feet  per  second.   Minimum  flow 
during  irrigation  season  is  14,000  cubic  feet 
per  second,  plus  400-500  cubic  feet  per 
second  for  Bureau  of  Indian  Affairs 
irrigation  canal. 
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excess  flow  is  assumed  to  be  zero.   Excess  flows  greater  than 
zero  represent  the  amount  of  water  available  for  future  use  at 
each  location.   Because  continuity  of  mass  is  assumed  in  the 
logic  of  Opstudy,  when  excess  flows  do  not  exist  at  a  downstream 
station,  all  upstream  stations  are  assumed  to  have  excess  flows 
of  zero. 
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TONGUE  SUBROUTINE 

The  TONGUE  subroutine  included  the  operation  of  two  reser- 
voirs in  Wyoming  and  one  in  Montana.   The  Wyoming  reservoirs  do 
not  currently  exist,  but  were  accounted  for  in  the  model  in  order 
to  handle  the  Wyoming  depletions  as  estimated  in  the  Missouri 
River  Basin  States  Association's  Level  B  Year  2000  Recommended 
Development  Plan.   The  Level  B  Plan  included  annual  depletions  of 
15,920  acre-feet  for  irrigation,  30,311  acre-feet  for  energy,  and 
1,200  acre-feet  for  livestock  use. 

The  Wyoming  reservoirs  designed  to  store  and  release  water 
for  these  depletions  (as  suggested  in  the  Level  B  Year  2000  plan) 
were  the  Prairie  Dog  Creek  Reservoir  and  the  South  Fork  of  the 
Tongue  River  Reservoir.   These  reservoirs  are  combined  and 
accounted  for  as  one  unit  in  the  model.   Inflows  to  the  unit  are 
estimated  by  totalling  the  1975  level  of  development  flows  for 
Prairie  Dog  Creek  and  the  South  Fork  of  the  Tongue  River.   The 
combined  reservoir  specifications  and  reservoir  operating  cri- 
teria are  shown  in  Table  A-4. 

Release  and  spills  from  the  Wyoming  reservoirs  are  used  as 
inflows  to  the  New  Tongue  Reservoir  in  Montana.   The  New  Tongue 
Reservoir  represents  the  proposed  expansion  of  the  existing 
Tongue  River  Reservoir.   Currently,  the  reservoir's  storage  capa- 
city is  68,000  acre-feet.   The  most  probable  capacity  for  the 
expanded  reservoir  is  130,000  acre-feet,  which  is  the  storage 
capacity  used  in  the  TONGUE  subroutine.   Montana  depletions  from 
the  New  Tongue  Reservoir  (including  reservations  and  water  rights 
permits  granted  since  1975)  and  from  the  river  downstream  of  the 
reservoir  totalled  23,047  acre-feet  for  irrigation,  39,100 
acre-feet  for  energy,  278  acre-feet  for  municipal  uses,  and  290 
acre-feet  for  livestock  use.   The  energy  depletion  represents  the 
predicted  future  use  of  water  by  the  Northern  Cheyenne  Indian 
tribe. 

The  specifications  and  operating  criteria  for  the  New  Tongue 
Reservoir  are  shown  in  Table  A-5.   If  the  instream  flow  require- 
ments at  the  mouth  of  the  Tongue  River  could  not  be  met  by  the 
releases  from  the  New  Tongue  Reservoir  (see  Table  A-5) ,  the 
depletions  below  the  reservoir  were  decreased.   Irrigation 
depletions  were  decreased  initially;  if  these  decreases  did  not 
result  in  a  calculated  streamflow  equal  to  the  instream  flow 
requirement,  the  energy  depletions  were  decreased.   If  instream 
flow  shortages  still  existed,  there  were  no  further  adjustments 
to  other  depletions.   The  calculated  flows  at  the  mouth  of  the 
Tongue  River  (at  Miles  City)  were  then  added  to  the  flows  for  the 
node  on  the  Yellowstone  mainstem  at  Miles  City. 
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TABLE  A- 4 

PRAIRIE  DOG  CREEK  AND  SOOTH  FORK  TONGUE  RIVER  RESERVOIRS: 
SPECIFICATIONS  AND  OPERATING  CRITERIA 


Specifications; 


Capacity  -  47,000  acre-feet 
Dead  Storage  -  11,300  acre-feet 


Operating  Criteria;  October-February;  Release  demand  or  inflow, 

whichever  is  greater. 
March-September:   Release  demands  only. 

Constraints;   If  section  gain  on  Tongue  River  from 

Wyoming-Montana  border  to  mouth  of  Tongue 
River  at  Miles  City  (developed  from  1975 
level  of  development  flows)  is  negative, 
increase  release  to  adjust  section  gain  to 
0.0,  but  do  not  increase  release  by  an  amount 
greater  than  the  inflow. 

If  possible,  release  additional  water  to  meet 
minimum  end  of  month  storages  for  New  Tongue 
Reservoir.   Do  not  increase  release  by  an 
amount  greater  than  the  inflow. 
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TABLE  A- 5 

NEW  TONGUE  RIVER  RESERVOIR: 
SPECIFICATIONS  AND  OPERATING  CRITERIA 


specifications; 


Capacity  -  130,000  acre-feet 
Dead  Storage  -  1,400  acre-feet 


Minimum  end-of-month  storages: 
(acre-feet) 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


80,000 

80,000 

92,000 

100,000 

100,000 

108,000 

100,000 

85,000 

77,000 

77,000 

80,000 

80,000 


Operating  Criteria;  October-February:  Release  demands  or  inflow, 

whichever  is  greater. 


March-September : 


Release  demands.   Release 
water  to  maintain  instream 
flow  requirement  of  4,600 
acre-feet  per  month,  if 
necessary  (subject  to 
minimum  end  of  month 
storages) . 
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POWDER  SUBROUTINE 

The  POWDER  subroutine  accounts  for  the  operation  of  four 
reservoirs  in  the  Wyoming  portion  of  the  Yellowstone  River 
Basin.   Three  of  the  reservoirs,  not  yet  constructed,  were  used 
to  provide  storage  for  the  estimated  depletions  for  Wyoming. 
These  depletions,  from  the  Missouri  River  Basin  States  Asso- 
ciation's Level  B  Year  2000  Recommended  Development  Plan, 
totalled  10,900  acre-feet  per  year  for  irrigation  and  42,220 
acre-feet  per  year  for  energy. 

The  three  reservoirs  are  Hole- in-Wall,  Crazywoman,  and  Clear 
Creek.   Hole-in-Wall  and  Crazywoman  were  considered  as  one  unit 
in  the  model;  the  1975  level  of  development  flows  for  the  Powder 
River  at  Arvada  are  used  as  inflow.   Inflows  to  Clear  Creek 
Reservoir  were  represented  by  the  1975  level  of  development  flows 
for  Clear  Creek  near  Arvada.   Operating  criteria  and  specifi- 
cations for  these  reservoirs  can  be  found  in  Tables  A-6  and  A-7. 
Releases  in  excess  of  downstream  demands  were  made,  if  possible, 
from  these  reservoirs  in  order  to  maintain  flow  in  the  channels 
and  provide  inflow  for  the  downstream  reservoirs. 

Fence  Creek  Reservoir,  near  the  Wyoming-Montana  state  line, 
was  the  fourth  reservoir  accounted  for  in  the  model.   Fence  Creek 
is  an  offstream  storage  site  which  has  not  yet  been  constructed. 
Water  stored  in  Fence  Creek  will  be  used  by  Utah  International 
Inc.  for  energy  development  in  Montana. 

Diversions  from  the  Fence  Creek  Reservoir  totalled  40,180 
acre-feet  per  year,  as  specified  in  Utah  International's  Montana 
water  right  application.   This  total  included  30,000  acre-feet 
for  energy  development,  7,610  acre-feet  for  agriculture,  and 
2,570  acre-feet  for  municipal  uses.   The  Fence  Creek  Reservoir 
was  operated  to  reflect  on  these  diversion  needs. 

Depletions  from  these  diversions  were  estimated  as  30,000 
acre-feet  for  energy,  950  acre-feet  for  municipal  uses,  and  3,805 
acre-feet  for  irrigation.   Powder  River  water  will  be  diverted 
into  four  pipelines,  each  with  a  capacity  of  100  cubic  feet  per 
second,  and  pumped  to  the  Fence  Creek  Reservoir.   A  pipeline  with 
a  discharge  capacity  of  100  cubic  feet  per  second  will  be  con- 
structed to  convey  water  to  the  point  of  use  in  Montana. 

Inflows  to  the  Fence  Creek  project  were  calculated  by  adding 
the  releases  from  the  three  upstream  reservoirs  in  the  model. 
The  maximum  diversion  from  the  Powder  River  was  restricted  by  the 
diversion  and  pumping  capacity  to  the  pipelines.   Also,  the  logic 
of  the  POWDER  subroutine  was  designed  so  that  only  water  in  ex- 
cess of  instream  flow  requirements  could  be  diverted  for  storage 
in  the  Fence  Creek  Reservoir.   The  criteria  used  to  determine  the 
amount  of  water  available  for  diversion,  along  with  the  reservoir 
specifications,  can  be  found  in  Table  A-8. 
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TABLE  A-6 

HOLE- IN-WALL  AND  CRAZYWOMAN  CREEK  RESERVOIRS: 
SPECIFICATIONS  AND  OPERATING  CRITERIA 

specifications;     Capacity  -  54,000  acre-feet 

Dead  Storage  -  9,600  acre-feet 

Operating  Criteria;  October-February;  Release  demands  or  inflow, 

whichever  is  greater. 
March- Sept ember:   Release  demands  plus  50 
cubic  feet  per  second  to 
maintain  flow  in  the 
channel. 
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TABLE  A-7 

CLEAR  CREEK  RESERVOIR: 
SPECIFICATIONS  AND  OPERATING  CRITERIA 


Specifications; 


Capacity  -  261,000  acre-feet 
Dead  Storage  -  30,000  acre-feet 


Operating  Criteria;  October-February; 

March-September ; 


Release  demands  or  inflow, 

whichever  is  greater. 

Release  175  cubic 

feet  per  second  for  demands 

and  to  maintain  flow  in 

channel. 


Constraints;   If  section  gain  on  Powder  River  from  Wyoming 
to  mouth  (developed  from  1975  level  of 
development  flows)  is  negative,  increase 
October-February  release  to  adjust  section 
gain  to  0.0,  but  do  not  increase  release  by 
an  amount  greater  than  the  inflow. 

If  the  reservoir  storage  drops  below  100,000 
acre-feet  during  the  March-September  period, 
release  only  the  amount  required  to  meet  the 
demands. 
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TABLE  A-8 

FENCE  CREEK  (UTAH  INTERNATIONAL)  RESERVOIR: 
SPECIFICATIONS  AND  OPERATING  CRITERIA 


Specif icat ions t 


Capacity  -  106,700  acre-feet 
Dead  Storage  -  14,300  acre-feet 
Intake  Diversion  Capacity  -  24,000  acre-feet 

per  month  (400 
cfs) 
Pipeline  Release  Capacity  -  6,000  acre-feet 

per  month  (100 
cfs) 

Operating  Criteria;  Release  demands  through  pipeline. 

Constraints;   If  section  gain  on  Powder  River  from  Wyoming 
to  mouth  minus  Montana  depletions  not  related 
to  the  Fence  Creek  Project  is  less  than 
instream  flow  requirements,  decrease  intake 
diversion  as  follows; 

Intake  diversion  =  Instream  flow 

requirements  -  shortage 

If  shortage  is  greater  than  instream  flow 

requirement,  intake  diversion  equals  0.0. 
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In  the  model,  depletions  from  the  Powder  River  in  Montana 
(representing  reservations  and  permits  granted  since  1975) 
totalled  19,430  acre-feet  for  irrigation,  225  acre-feet  for 
municipal  uses,  and  721  acre-feet  for  livestock  use.   If  the 
instream  flow  requirement  for  the  mouth  of  the  Powder  River  at 
Locate  could  not  be  met  by  decreasing  the  amount  of  water 
diverted  to  the  Fence  Creek  project,  the  irrigation  depletions  in 
Montana  were  decreased.   Flows  calculated  at  the  mouth  of  the 
Powder  River  were  added  to  the  flows  of  the  Yellowstone  River  at 
the  Sidney  node. 
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SUNDAY  SUBROUTINE 

The  SUNDAY  subroutine  accounts  for  the  operation  of  the  three 
off stream  storage  reservoirs  proposed  by  the  U.S.  Bureau  of  Rec- 
lamation.  Water  in  excess  of  the  instream  flow  requirement  at 
Miles  City  is  diverted  from  the  Yellowstone  mainstem  between 
Billings  and  Miles  City. 

The  three  reservoirs — Sunday  Creek,  Buffalo  Creek,  and  Cedar 
Ridge — were  accounted  for  as  one  unit  in  the  model.   The  indi- 
vidual and  combined  specifications  of  these  reservoirs,  along 
with  their  operating  criteria,  are  presented  in  Table  A-9.   Once 
water  in  excess  of  the  instream  flow  requirement  was  diverted  and 
stored  in  the  reservoirs,  it  was  used  for  irrigation.   Therefore, 
even  though  an  instream  flow  shortage  may  have  existed  during  a 
given  month  at  Miles  City,  the  model  was  not  operated  to  release 
storage  water  in  the  reservoir  for  the  purpose  of  eliminating  the 
shortage. 

Currently,  the  U.S.  Bureau  of  Reclamation  estimates  a  firm 
annual  yield  (for  irrigation)  of  230,000  acre-feet  per  year  from 
the  three  reservoirs.   The  yields  for  each  reservoir  are: 
175,000  acre-feet  from  Sunday  Creek,  20,000  acre-feet  for  Buffalo 
Creek  and  35,000  acre-feet  for  Cedar  Ridge.   These  values  repre- 
sent diversions  and  were  used  in  the  model  to  calculate  reservoir 
releases  and  storages.   Depletions  from  the  reservoirs  were  esti- 
mated from  the  depletion-diversion  ratio  in  Table  B-21  (see 
page    )  for  the  Yellowstone  mainstem  between  Billings  and  Miles 
City.   Based  on  this  ratio  of  0.70,  the  depletions  for  Sunday 
Creek,  Buffalo  Creek,  and  Cedar  Ridge  were  122,500  acre-feet, 
19,000  acre-feet,  and  24,000  acre-feet,  respectively. 

The  reservoir  inflows  were  subtracted  from  the  streamfiow  at 
Miles  City.  Releases  from  the  reservoirs  were  added  to  the  flow 
at  Miles  City,  while  depletions  were  subtracted.  The  difference 
between  these  two  represents  the  diversion  loss,  which  was  added 
to  the  flow  at  Miles  City. 
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TABLE  A- 9 

U.S.  BUREAU  OF  RECLAMATION  OPPSTREAM  STORAGE  RESERVOIRS: 
SPECIPICATIONS  AND  OPERATING  CRITERIA 


Specifications; 


Capacity 
(acre-feet) 

Dead  Storage 
(acre-feet) 

Pump  Capacity 
(acre-feet 
per  month) 


Sunday  Creek  Buffalo  Creek  Cedar  Ridge  Total 


539,000 


14,000 


59,500 


68,700       121,800    729,500 


4,000 


10,000 


5,000     23,000 


15,000     84,500 


Operating  Criteria; 

May- September:   Release  irrigation  demands. 
April-October:   Store  inflow  from  diversion  up  to  reservoir 
capacity. 

Constraints;    No  inflow  from  September  to  March.   Prom 

April  to  October,  store  water  in  excess  of 
instream  flow  requirement  at  Miles  City, 
subject  to  pump  capacity  and  storage 
capacity. 
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APPENDIX  B 
INPUT  DATA  FOR  YELLOWSTONE  RIVER  OPERATIONS  STUDY 


1975  LEVEL  OF  DEVELOPMENT  FLOWS 

The  flow  base  for  the  operations  study  is  the  1975  level  of 
development  flows.   These  flows  are  defined  as  the  river  flow 
that  can  be  expected  if  the  depletion  levels  that  occurred  in 
1975  existed  for  the  period  of  record.   Depletions  are  defined  as 
the  water  beneficially  consumed  by  municipalities,  industries, 
irrigation,  and  livestock. 

The  1975  level  of  development  flows  for  the  following 
stations  are  presented  in  Tables  B-1  through  B-10: 

Yellowstone  River  near  Livingston  -  USGS  Station  6-1925 
Stillwater  River  near  Absarokee  -  USGS  Station  6-2050 
Clarks  Fork  at  Edgar  -  USGS  Station  6-2085 
Yellowstone  River  at  Billings  -  USGS  Station  6-2145 
Bighorn  River  near  St.  Xavier  -  USGS  Station  6-2870 
Tongue  River  at  Miles  City  -  USGS  Station  6-3085 
Yellowstone  River  at  Miles  City  -  USGS  Station  6-3090 
Powder  River  at  Arvada  -  USGS  Station  6-3170 
Powder  River  near  Locate  -  USGS  Station  6-3265 
Yellowstone  River  near  Sidney  -  USGS  Station  6-3295 


RESERVATIONS 

Opstudy  subtracts  the  amount  of  water  requested  for  each 
reservation  (municipal,  industrial,  irrigation,  instream  flow, 
etc.)  from  the  1975  level  of  development  flows  as  if  that  water 
had  been  used  for  its  prescribed  purpose.   Tables  B-11  through 
B-23  show  the  reservations  as  they  were  totalled  according  to 
gauging  station  for  input  to  the  Opstudy  Model.   Tables  B-21  and 
B-22  show  the  distribution  schemes  used  to  develop  monthly 
depletions  for  all  of  the  consumptive  reservations  in  the  model. 

Municipal  Reservations 

Municipal  reservations  are  listed  in  Table  B-11.   In  order  to 
reflect  the  proper  impact  of  a  diversion  from  the  river  on  water 
availability,  return  flows  and  the  distribution  of  depletions 
throughout  the  year  had  to  be  determined.   The  return  flows  to 
the  river  were  assumed  to  be  63  percent  of  the  diversion 
(Mitchell  1982) .   The  assumed  distributions  of  the  municipal 
depletions  throughout  the  year  are  listed  in  Table  B-22. 

Irrigation  Reservations 

Irrigation  reservations  were  granted  to  several  conservation 
districts  and  irrigation  districts,  the  Montana  Department  of 
State  Lands,  and  the  U.S.  Bureau  of  Land  Management.   Tables  B-12 
through  B-20  list  the  irrigated  acres,  diversions,  and  depletions 
granted  to  the  different  entities  according  to  model  location. 
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TABLE  B-11 

MUNICIPAL  DEPLETIONS 

Yellowstone  River 


Towns 

Station 

Diversion 
(acre-feet) 

Return 
Flow 

Depletion 

Livingston 

Livingston 

4,510 

2,855 

1,655 

Big  Timber 

Billings 

365 

230 

135 

Columbus 

Billings 

883 

556 

327 

Laurel 

Billings 

7,151 

4,505 

2,646 

Billings 

Billings 

53,500* 

33,705 

19,795 

Miles  City 

Miles  City 

2,889 

1,820 

1,069 

Glendive 

Sidney 

3,281 

2,067 

1,214 

Broadus 

Powder 

605 

381 

224 

♦Increased  in  1980.   Originally  established  at  42,229 
acre-feet. 
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TABLE  B-12 

IRRIGATION  DEPLETIONS 

Yellowstone  River  above  Livingston 

Crop  Requirement:   1.33  acre-feet/acre 


Location  Crop  Return 

and  Type  Irrigation    Diversion      Flow      Depletion 

of  Irrigation  Acreage   (acre-feet)   (acre-feet)   (acre-feet)   (acre-feet) 


Park  Co.  CD 

Pivot 

1,369 

1,820 

2,738 

871 

1,867 

Sideroll 

2,858 

3,801 

5,716 

1,819 

3,897 

Flood 

12,890 

17,143  . 

42,150 

15,004 

27,146 

Department  of 
State  Lands 

9931-r 
Flood 

1,100 

1,463 

3,300 

1,102 

2,198 

9933-r 
Flood 

253 

336 

531 

117 

414 

TOTALS 

18,470 

54,435 

35,522 

62 


TABLE  B-13 

IRRIGATION  DEPLETIONS 

Stillwater  River  at  Absarokee 

Crop  Requirement:   1.73  acre-feet/acre 


Location  Crop  Return 

and  Type  Irrigation    Diversion      Plow       Depletion 

of  Irrigation  Acreage   (acre-feet)   (acre-feet)   (acre-feet)   (acre-feet) 


Stillwater 

Co.  CD 

Pivot 

130 

245 

260 

33 

277 

Sideroll 

80 

138 

160 

20 

139 

Flood 

3 

,412 

5,903 

11,156 

3,152 

8,004 

TOTALS 

3 

,622 

11,576 

8,420 
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TABLE  B-14 

IRRIGATION  DEPLETIONS 

Clarks  Fork  at  Edgar 

Crop  Requirement:   1.82  acre-feet/acre 


Location  Crop  Return 

and  Type  Irrigation    Diversion      Flow       Depletion 

of  Irrigation  Acreage   (acre-feet)   (acre-feet)   (acre-feet)   (acre-feet) 


Carbon  Co. 

CD 

Pivot 

1,405 

2,577 

2,824 

253 

2,570 

Sideroll 

752 

1,368 

1,509 

133 

1,376 

Flood 

533 

970 

1,746 

466 

1,280 

Department  of 
State  Lands 

9931-r 
Flood 

9933-r 
Flood 


40 

857 


72 
156 


120 

2,073 


28 


303 


92 


1,765 


TOTALS 


3,587 


8,272 


7,083 
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TABLE  B-15 
IRRIGATION  DEPLETIONS 
Yellowstone  River  between  Livingston  and  Billings 
Crop  Requirement;   1.45  acre-feet/acre 


Location 

Crop 

Return 

and  Type 

Irrigation 

Diversion 

Flow 

Depletion 

of  Irriqation 

Acreaae 

(acre-feet^ 

facre-feet^ 

facre-feetl 

facre-feet^ 

Park  Co.  CD 

Pivot 

317 

459 

634 

165 

468 

Sideroll 

744 

1,079 

1,488 

388 

1,099 

Flood 

3,486 

5,055 

11,399 

3,806 

7,592 

Sweet  Grass 

Co.  CD 

Pivot 

2,003 

2,904 

4,507 

1,522 

2,984 

Sideroll 

420 

609 

945 

319 

626 

Flood 

6,785 

9,838 

20,830 

6,595 

14,235 

Northern 

tributaries 

6,105 

8,852 

19,963 

6,666 

13,297 

Stillwater 

Co.  CD 

Flood  below 

Absarokee 

93 

135 

303 

159 

143 

Pivot 

565 

819 

1,240 

900 

840 

Flood 

1,010 

1,464 

3,636 

1,303 

2,333 

Carbon  Co.  CD 

Pivot  below 

Silesia 

3,552 

5,150 

7,140 

1,890 

5,250 

Sideroll 

2,335 

3,386 

4,693 

1,242 

3,451 

Flood 

1,457 

2,113 

4,764 

1,591 

3,173 

Yellowstone 

Co.  CD 

Pivot 

9,794 

14,201 

21,840 

7,2  57 

14,583 

Sideroll 

2,008 

2,912 

4,478 

1,488 

2,990 

Flood 

821 

1,190 

2,258 

802 

1,725 

Department  of 

State  Lands 

9931-r 

Flood 

434 

629 

1,302 

414 

898 

9933-r 

Flood 

4,044 

5,864 

12,185 

3,793 

8,392 

9934-r 

Waterspread( 

2r   263 

197 

395 

197 

198 

TOTALS  46,236 
Waterspreader  263 
Flood 45.973 


124,000 

395 

123.605 


84,277 

198 

84.079 


65 


TABLE  B-16 

IRRIGATION  DEPLETIONS 

Tongue  River  above  Miles  City 

Crop  Requirement:   1.81  acre-feet/acre 


Location  Crop  Return 

and  Type  Irrigation  Diversion      Plow       Depletion 

of  Irrigation  Acreage   (acre-feet)  (acre-feet)   (acre-feet)   (acre-feet) 

Powder  River 

Co.  CD  1,250        937  1,875         937          927 


Department 

of  State  Lands 

9934-r 

Waterspreader 

65 

48 

97 

48 

48 

DNRC  for 
State  Lands 
Flood 

607 

1,099 

1,821 

433 

1,388 

Big  Horn  Co.  CD 
Flood 

470 

851 

1,034 

110 

924 

Rosebud  Co.  CD 
Flood 

2,835 

5,131 

7,144 

1,208 

5,936 

North  Custer 
Co.  CD 

Flood         4,605      8,335        10,987        1,537        9,360 

North  Custer 
Co.  CD 

Pumpkin  Creek 

Waterspreader  1,890  2,835       1,417        1,418 

TOTALS        11,722  25,793  20,001 

Flood         8,517  20,896  17,508 

waterspreader  3,205  4,897  2,494 
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TABLE  B-17 

IRRIGATION  DEPLETIONS 

Bighorn  River  below  St.  Xavier 

Crop  Requirement:   1.62  acre-feet/acre 


Location  Crop  Return 

and  Type  Irrigation    Diversion      Flow       Depletion 

of  Irrigation  Acreage   (acre-feet)   (acre-feet)   (acre-feet)   (acre-feet) 

Big  Horn  Co.  CD 

Pivot  3,129 

Sideroll  4,717 

Flood  1,329 

TOTALS         9,175  20,205  15,703 

Acres  are  below  gauge  at  St.  Xavier,  so  were  depleted  from  river 
system  at  Miles  City. 


5,069 

2.09 

6,559 

1,415 

5,144 

7,642 

2.09 

9,858 

2,106 

7,752 

2,153 

2.85 

3,788 

981 

2,807 
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TABLE  B-18 

IRRIGATION  DEPLETIONS 

Yellowstone  River  between  Billings  and  Miles  City 

Crop  Requirement:   1.62  acre-feet/acre 


Location  Crop  Return 

and  Type  Irrigation    Diversion      Flow      Depletion 

of  Irrigation  Acreage   (acre-feet)   (acre-feet)   (acre-feet)   (acre-feet) 


Yellowstone 

Co.  CD 

Pivot 

6,614 

10,715 

2.23 

14,749 

3,832 

10,916 

Sideroll 

3,380 

5,476 

2.23 

7,537 

1,958 

5,579 

Flood 

2,218 

3,593 

3.38 

6,831 

1,943 

4,888 

Treasure  Co.  CD 

Pivot 

4,337 

7,026 

2.39 

10,366 

3,173 

7,193 

Sideroll 

920 

1,490 

2.39 

2,199 

673 

1,526 

Flood 

1,778 

2,880 

3.26 

5,796 

1,749 

4,047 

Northern 

tributaries 

6,105 

8,852 

3.27 

19,963 

6,666 

13,297 

Rosebud  Co.  CD 

Pivot 

26,870 

43,529 

2.39 

64,219 

19,655 

44,564 

Sideroll 

2,495 

4,042 

2.39 

5,963 

1,825 

4,138 

Flood 

5,160 

8,359 

3.76 

16,821 

5,077 

11,744 

North  Custer 

Co.  CD 

Pivot 

3,968 

6,428 

2.18 

8,650 

2,110 

6,539 

Sideroll 

50 

81 

2.18 

109 

25 

84 

Flood 

243 

394 

3.27 

795 

241 

554 

Department  of 

State  Lands 

9931-r 

Flood 

1,795 

2,908 

3.0 

5,385 

1,486 

3,899 

9933-r 

Flood 

1,061 

1,719 

3.1 

3,293 

944 

2,349 

0034-r 

Waterspreader 

2,271 

1,658 

1.46 

3,317 

1,658 

1,659 

U.S.  Bureau  of 

Land  Management 

12334-02 

Sprinkler 

418 

677 

2.0 

836 

170 

666 

TOTALS 

69,683 

176,829 

123,642 

Waterspreader 

2,271 

3,317 

1,659 

Flood 

67,412 

173,512 

121.983 
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TABLE  B-19 

IRRIGATION  DEPLETIONS 

Powder  River  above  Locate 

Crop  Requirement:   1.39  acre-feet/acre 


Location 

Crop 

Return 

and  Type 

Irrigation 

Dive 

rsion 

Flow 

Depletion 

of  Irrigation 

Acreage 

(acre-feet) 

(acre- 

-feet) 

(acre-feet) 

(acre-feet) 

North  Custer 

Co.  CD 

Mainstem  water 

spreading 

2,585 

1,935 

1.5 

3,877 

1,939 

1,939 

Mizpah  Creek 

tributaries 

1,890 

1,418 

1.5 

2,835 

1,418 

1,418 

Sunday  Creek 

420 

315 

1.5 

630 

315 

315 

Powder  River 

Co.  CD 

Mainstem  water 

spreading 

4,120 

3,090 

1.5 

6,180 

3,090 

3,090 

Trib.  water 

spreading 

3,750 

2,813 

1.5 

5,625 

2,813 

2,813 

443 


Prairie  Co.  CD 

Waterspreading   295       222      1.5 

Department  of 
State  Lands 
9934-r 
Waterspreader   2,734     1,994     1.46   3,988 


222 


1,994 


222 


1,994 


TOTALS  15,794 
Waterspreader  11,594 
Flood  4,200 


23,578 

17,278 

6,300 


11,791 
8,640 
3,151 
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TABLE  B-20 

IRRIGATION  DEPLETIONS 

Yellowstone  River  between  Miles  City  and  Sidney 

Crop  Requirement;   0.89  acre-feet/acre 


Location 

Crop 

Return 

and  Type 

Irrigation 

Diversion 

Flow 

Depletion 

of  irriqation  Acreaqe 

facre-feet) 

facre-feet^ 

facre-feet) 

(acre-feet) 

North  Custer 

Co.  CD 

Pivot 

1,212 

1,078 

2,642 

1,485 

1,156 

Sideroll 

300 

267 

654 

367 

286 

Flood 

1,667 

1,483 

5,451 

2,380 

3,071 

Prairie  Co.  CD 

Pivot 

312 

278 

702 

403 

299 

Sideroll 

Flood 

21,929 

19,516 

67,322 

28,683 

38,639 

Dawson  Co.  CD 

Pivot 

11,025 

9,812 

24,806 

14,244 

10,562 

Sideroll 

920 

818 

2,070 

1,189 

881 

Flood 

6,182 

5,502 

18,979 

8,086 

10,893 

Richland  Co.  CD 

Pivot 

16,415 

14,609 

32,830 

17,302 

5,520 

Sideroll 

2,240 

1,994 

4,480 

2,362 

2,118 

Flood 

3,055 

2,719 

8,310 

3,355 

4,955 

Little  Beaver 

CD  Tribs. 

Flood 

2,654 

2,362 

4,273 

1,146 

3,126 

Waterspreader 

4,000 

3,000 

6,000 

3,000 

3,000 

Stock  ponds 

1,800 

1,800 

Recreation 

ponds 

700 

700 

Buffalo  Rapids 

Project 

Terry  Unit  add 

1,300 

1,157 

5,031 

3,224 

2,707 

Fallon  unit  add   800 

712 

3,096 

1,430 

1,666 

Buffalo  Rapids 

1,000 

890 

3,780 

1,734 

2,046 
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TABLE  B-20    (continued) 


Location 
and  Type 
of  Irrigation  Acreaae 

Crop 
Irrigation 
(acre-feet) 

Diversion 
(acre-feet) 

Return 

Flow 

(^cre-feet) 

Depletion 
(^gce-f^et) 

Department  of 

State  Lands 

9931-r  Flood    917 
9933-r  Flood   2,522 
9934-r  Water- 
spreader    4,937 

U.S.  Bureau  of 

Land  Management 

waterspreader  1,992 
Flood         8,320 

816 
2,245 

3,641 

1,462 
7,405 

2,751 
7,807 

7,281 

2,924 
16,640 

1,161 
3,337 

3,639 

1,462 
5,541 

1,590 
4,470 

3,641 

1,462 
11,099 

TOTALS       93,699 
Flood 

Waterspreader 
Stockpond 

230,329 

211,624 

16,205 

2,500 

126,290 

115,687 
8,103 
2,500 
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TABLE  B-21 

MONTHLY  DISTRIBUTION  OF  DEPLETIONS  PROM  IRRIGATION  RESERVATIONS 

(percentage) 

Flood  Flood 

Irrigation   Flood  Irrigation  Irrigation   All 
Flood  Irrigation  Tongue-Powder  Stillwater-Clarks  Yellowstone  Water 
Bighorn  Basin Basins Fork  Basins Mainstem  Spreaders 


January 

-  3 

February 

-  2 

March 

-  3 

April 

-  4 

May 

6 

June 

27 

July 

40 

August 

38 

September 

18 

October 

-  7 

November 

-  6 

December 

-  4 

■  3 

■  2 

■  2 

■  3 
18 
17 
37 
33 
17 

•  5 

■  4 

•  3 


■  2 

■  1 
-  1 

6 
17 
17 
30 
25 
11 

5 
•  4 

■  3 


2 

0 

2 

0 

2 

0 

1 

50 

13 

50 

16 

0 

36 

0 

31 

0 

19 

0 

1 

0 

4 

0 

3 

0 

TOTAL 


100 


100 


100 


100 


100 


Note:   Negative  values  indicate  months  when  the 

return  flow  is  greater  than  the  depletion. 
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TABLE  B-22 

MONTHLY  DISTRIBUTION  OF  NON- IRRIGATION  DEPLETIONS 
(percentage) 


Municipal 

industrial 

Energy 

LivestQck 

January 

3 

1 

8 

0 

February 

3 

1 

7 

0 

March 

6 

2 

8 

0 

April 

7 

6 

8 

0 

May 

10 

19 

9 

50 

June 

10 

24 

9 

50 

July 

21 

28 

10 

0 

August 

14 

10 

10 

0 

September 

9 

5 

7 

0 

October 

9 

2 

8 

0 

November 

4 

1 

8 

0 

December 

4 

1 

8 

0 

TOTAL 


100 


100 


100 


100 
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January 

February 

March 

April 

May 

Junel 

July 

August 

September 

October 

November 

December 

Annual 


TABLE  B-23 
INSTREAM  FLOW  RESERVATIONS 
(acre-feet) 

Yellowstone  River 
Livingston Billinqs2 Miles  City 


81,760 

73,292 

82,989 

148,132 

180,454 

507,853 

232,013 

120,220 

92,508 

144,463 

106,488 

91,596 

1,861,768 


152,700 
138,900 
177,300 
213,000 
469,300 

1,125,000 
370,400 
215,205 
184,900 
219,700 
207,000 
171,466 

3,644,871 


235,400 
221,995 
390,929 
347,957 
754,904 

1,557,980 
631,856 
237,415 
266,682 
359,578 
327,730 
246,466 

5,578,892 


Sidney 


229,831 
240,281 
416,711 
405,031 
735,528 

1,495,644 
647,090 
164,166 
194,917 
369,377 
347,920 
245,814 

5,492,310 


lln  the  case  of  Livingston  and  Billings,  the  June  total  includes 
one-half  of  the  dominant  discharge. 

2Billings  instream  flow  reflect  the  board's  change  made  November 
1980. 
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TABLE  B-23  (continued) 


INSTREAM  FLOW  RESERVATIONS 


(acre-feet) 

Stillwater 

River 
Absarokee 

Clarks  Fork 
River 
Bdqar 

Bighorn 

River 

St.  xavier 

Tongue 

River 

at  mouth 

Powder 

River 

Locate 

January 

12,294 

15,400 

202,863 

4,611 

1,961 

February 

11,382 

13,900 

177,679 

4,611 

3,986 

March 

12,909 

15,400 

245,895 

4,611 

17,888 

April 

13,385 

20,890 

214,167 

4,611 

20,643 

May 

34,425 

62,200 

233,600 

4,611 

26,064 

June 

123,447 

200,700 

309,352 

4,611 

10,946 

July 

63,318 

94,480 

220,512 

4,611 

4,303 

August 

29,507 

26,960 

172,127 

4,611 

891 

September 

28,555 

23,800 

154,676 

4,611 

527 

October 

23,360 

20,500 

165,979 

4,611 

579 

November 

13,385 

21,400 

184,421 

4,611 

3,664 

December 

13,831 

17,060 

196,716 

4,611 

3,749 

Annual 

379,798 

532,690 

2,477,987 

55,332 

95,201 

75 


The  irrigation  depletions  were  based  on  information  from  a 
number  of  U.S.  Bureau  of  Reclamation  (BOR)  Definite  Plan  Reports 
for  different  areas  throughout  the  Yellowstone  Basin.   Depletions 
for  each  area  are  based  on  temperature,  precipitation,  evapora- 
tion, cropping  types,  and  irrigation  methods. 

Crop  requirements  were  calculated  by  the  U.S.  Bureau  of  Re- 
clamation using  the  Jensen  and  Haise  method.   This  method  is 
based  on  an  energy  budget  approach  and  relies  on  the  principle 
that  consumptive  plant  use  per  unit  area  is  controlled  by  the 
amount  of  energy  available  to  evapotranspire  the  water,  rather 
than  the  amount  used  by  the  crop  itself.   The  crop  requirement 
values  are  average  annual  figures  based  on  30  to  40  years  of 
temperature,  solar  radiation,  and  precipitation  data  for 
different  areas  in  the  basin. 

In  order  to  determine  depletions  from  the  surface  water 
supply,  the  following  values  were  used  to  calculate  return  flows 
(the  net  return  flow  is  the  difference  between  the  diversionary 
requirement  and  crop  irrigation  requirement;  the  return  flow  is  a 
percentage  of  the  net  return  flow) :  95  percent  for  sprinkler 
(center  pivot)  irrigation,  60  percent  for  flood  irrigation,  and 
50  percent  for  waterspreaders.   The  difference  between  return 
flow  and  net  return  flow  is  that  volume  of  water  lost  to  deep 
percolation  and  not  returned  to  the  source  of  supply.   This 
volume,  therefore,  is  included  as  part  of  the  total  depletion. 

Following  is  an  example  of  the  calculation  for  irrigation 
depletions  using  the  above  method: 

Park  County  Conservation  District  sprinkler  irrigation 
of  1,369  acres: 

1.  Crop  irrigation  requirement  =  irrigated  acres  x  crop 

requirements 
=  1,369  X  1.33 
=  1,820.8  acre-feet 

2.  Net  return  flow  =  diversion  -  crop  irrigation 

requirement 
=  2,738  -  1,820.8 
=  917.2  acre-feet 

3.  Return  flow  =  95  percent  of  net  return  flow 

=  0.95  X  917.2 
=  871.4  acre-feet 

4.  Depletion  =  crop  irrigation  requirement  +  (net  return 

flow  -  return  flow) 
=  1,820.8  +  (917.2  -  871.4) 
=  1,867  acre-feet 
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The  total  depletions  calculated  in  Tables  B-12  through  B-20 
were  broken  down  into  monthly  values  for  use  in  Opstudy.   Diver- 
sions, based  on  conveyance  and  on  farm  efficiencies  (from  BOR 
Definite  Plan  Reports) ,  also  are  found  in  Tables  B-12  through 
B-20.   The  monthly  conversion  factors  for  each  subbasin,  based  on 
BOR  Definite  Plan  Reports,  are  presented  in  Table  B-21. 

Instream  Flow  Reservations 

In  its  order,  the  board  gave  instream  flow  reservations 
second  highest  priority  upstream  from  Billings  and  third  highest 
priority  below  Billings.   Instream  reservations,  intended  to  pro- 
tect fish,  wildlife,  and  public  health,  require  that  water  remain 
in  the  river  except  when  reservations  with  higher  priority,  or 
senior  appropriations,  cannot  be  met. 

The  instream  flow  reservations  were  made  on  a  monthly  basis 
and  were  used  directly  in  the  operation  study.   Table  B-23  shows 
the  instream  flow  reservations.   The  acre-foot  volumes  for  the 
months  which  were  split  by  the  board's  order  were  totalled  to 
obtain  monthly  volumes.   Two  of  the  instream  flow  allotments 
(Livingston  and  Billings)  included  a  dominant  discharge  value — 
that  is,  a  minimum  24-hour  flow  volume.   To  account  for  this, 
one-half  of  that  volume  was  added  to  the  instream  flow  for  June, 
the  month  of  highest  runoff. 

Multiple  Use/Storage  Reservations 

Four  reservations  for  multiple  use  storage  facilities  are 
incorporated  into  the  Yellowstone  River  Opstudy.   These  reserva- 
tions have  the  lowest  priority;  in  other  words,  all  senior  water 
rights  and  all  other  water  reservations  must  be  satisfied  before 
water  can  be  stored  in  these  facilities. 

The  first  reservation  was  for  increased  storage  at  the  exist- 
ing Tongue  River  Reservoir.   The  Board  of  Natural  Resources  and 
Conservation  granted  an  increase  in  the  reservoir's  storage 
capacity  from  68,000  acre-feet  to  383,000  acre-feet.   The  en- 
larged reservoir  was  assumed  to  have  a  130,000  acre-foot  capacity 
in  the  model.   This  capacity  is  the  latest  preferred  option  for 
that  site. 

The  other  water  storage  reservations  were  for  three  proposed 
offstream  storage  reservoirs  between  Billings  and  Miles  City. 
The  BOR  has  determined  the  following  storage  capacities  for  these 
reservoirs: 

Cedar  Ridge  -  121,800  acre-feet 
Buffalo  Creek  -  68,700  acre-feet 
Sunday  Creek  -  539,000  acre-feet 

The  releases  from  these  reservoirs  were  assumed  to  provide  a 
firm  yield  of  up  to  235,000  acre-feet  per  year  for  industrial  and 
irrigation  use. 
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FUTURE  WATER  FOR  WYOMING 

Because  Wyoming's  share  of  water  from  the  tributaries  of  the 
Yellowstone  (under  the  terms  of  the  Yellowstone  River  Compact) 
has  yet  to  be  quantified,  future  depletions  for  Wyoming  were 
estimated  by  the  Missouri  River  Basin  States  Association.   The 
projected  depletions  can  be  found  in  its  1978  report,  Yellowstone 
Basin  and  Adjacent  Coal  Area  -  Level  B  Study  (MRBC  1978a,  MRBC 
1978b) .   Depletions  used  in  the  Opstudy  for  the  Powder  and  Tongue 
river  basins  are  from  the  association's  Yellowstone  Level  B  Year 
2000  Recommended  Development  Plan  (MRBC  1978a,  MRBC  1978b) . 
Wyoming  depletions  for  the  Bighorn  Basin,  which  are  used  in  the 
Yellowstone  model  to  generate  the  flows  for  the  Bighorn  River  at 
St.  Xavier,  are  also  from  the  Level  B  Year  2000  plan. 

The  depletions  for  these  basins  can  be  found  in  Tables  B-24, 
B-25,  and  B-26.   Monthly  distributions  for  each  specific  use  can 
be  found  in  Tables  B-21  and  B-22.   These  distributions  are  the 
same  as  those  for  Montana  depletions. 

In  addition  to  the  depletions  in  Tables  B-25  and  B-26,  12,000 
acre-feet  of  water  was  depleted  for  irrigation  purposes  on  the 
Clarks  Fork  of  the  Yellowstone  River  in  Wyoming,  as  estimated  in 
the  Level  B  Year  2000  plan. 

RESERVED  INDIAN  WATER  RIGHTS 

The  actual  water  rights  of  the  Indian  tribes  in  the  Yellow- 
stone River  Basin  will  be  determined  by  the  courts  or  through 
negotiation.   For  this  study,  the  amount  of  water  depleted  for 
use  on  the  Indian  reservations  was  based  on  the  Yellowstone  Level 
B  Year  2000  plan.   The  depletions  are  shown  in  Table  B-27.   The 
water  depleted  for  the  Crow  Indian  Reservation  in  the  Bighorn 
River  Basin  was  assumed  to  be  for  irrigation.   The  water  depleted 
for  the  Northern  Cheyenne  Reservation  in  the  Tongue  River  Basin 
was  assumed  to  be  for  energy  development. 

U.S.  BUREAU  OF  RECLAMATION  MUNICIPAL  AND  INDUSTRIAL  WATER  USE 

The  Bureau  of  Reclamation  (BOR)  has  claimed  the  rights  to 
sell  water  from  its  storage  reservoirs  in  the  Bighorn  River 
Basin.   The  sales  of  57,400  acre-feet  per  year  from  Boysen 
Reservoir  on  the  Wind  River  and  300,000  acre-feet  per  year  from 
Yellowtail  Reservoir  on  the  Bighorn  River  are  accounted  for  in 
the  BOR's  Bighorn  River  Operations  Study  model.   The  sale  of  this 
water,  therefore,  is  taken  into  account  in  the  output  from  the 
Bighorn  Opstudy,  which  is  used  as  input  to  the  Yellowstone 
Opstudy  at  the  St.  Xavier  station  on  the  Bighorn  River. 
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TABLE  B-24 

BIGHORN  RIVER  BASIN 

Depletions  for  Wyoming  under  Level  B  Year  2000  Recommended  Plan 

Wind  River 

Acre-feet/Year 

Irrigation  62,000 

Municipal  708 

Livestock  1,580 

Industry  2,080 

Bighorn  River  (Boysen  to  Kane) 

Acre-feet/Year 

Irrigation  82,500 

Municipal  1,150 

Livestock  1,900 

Shoshone  River 

Acre-feet/Year 

Irrigation  93,100 

Municipal  1,200 

Livestock  2,554 

Industry  7,580 
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TABLE  B-25 

TONGUE  RIVER  BASIN 

Depletions  for  Wyoming  under  Level  B  Year  2000  Recommended  Plan 

Tongue  River  above  state  line 

Acre-feet/Year 
Irrigation  15,920 

Municipal  200 

Livestock  1,300 

Energy  30,311 
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TABLE  B-26 

PO?n)ER  RIVER  BASIN 

Depletions  for  Wyoming  under  Level  B  Year  2000  Recommended  Plan 

Powder  River  Basin  above  Arvada 

Acre-feet/Year 

Irrigation  19,700 

Municipal  3,000 

Livestock  900 

Arvada  to  state  line 

Acre-feet/Year 

Irrigation  10,900 

Municipal  ^25 

Livestock  900 

Energy  4/,zzu 

Little  powder 

Acre-feet/Year 

Irrigation  2,500 

Livestock  300 
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TABLE  B~27 

RESERVED  INDIAN  WATER 
(af  =  acre-feet) 


CRQW  INPIM  NATION 


Acres 

Diversion 

Depletion 

Little  Bighorn 

24,900 

78,200  af 

40,700  af 

Hardin  Unit 

42,000 

131,700  af 

68,500  af 

25%  increase 

16,700 

52.400  af 

27r200  af 

83,600 

262,300  af 

136,400  af* 

*This  depletion  for  irrigation  is  on  the  Bighorn  River 
below  St.  Xavier  and  is  subtracted  from  the  flow  at  the 
Miles  City  gauging  station. 

NORTHERN  CHEYENNE  NATION 

Energy      39,100  acre-feet** 

**This  depletion  is  subtracted  from  the  flows  of  the 
Tongue  River  at  Miles  City. 
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MONTANA  WATER  RIGHTS  GRANTED  IN  THE  YELLOWSTONE  RIVER  RASTN 
SINCE  1975 

The  197  5  level  of  development  flows  used  in  the  Opstudy  model 
reflect  all  of  the  depletions  from  water  rights  granted  in 
Montana  prior  to  1975.   Considerable  effort  is  required  to  update 
these  flows  to  a  later  level  of  development  (1980,  for  example). 
Therefore,  they  have  not  been  updated  by  the  U.S.  Bureau  of 
Reclamation.   In  lieu  of  using  more  current  level  of  development 
flows,  all  of  the  Montana  provisional  water  rights  permits  issued 
since  1975  were  used  in  the  Yellowstone  Opstudy  model.   These 
depletions  were  subtracted  from  the  1975  level  of  development 
flows  at  the  proper  location,  along  with  the  depletions  from  the 
reservations,  in  order  to  determine  water  availability. 

Water  rights  granted  since  1975  were  totalled  according  to 
use  for  each  node  in  the  Opstudy  model.   Depletions  were  cal- 
culated using  the  same  methods  used  to  calculate  depletions  for 
the  reservations.   These  depletions,  along  with  diversion  and 
return  flows  for  each  use,  are  shown  in  Table  B-28. 

DTAH  INTERNATIONAL  (FENCE  CREEK)  PROJECT  -  POWDER  RIVER  RASTW 

Utah  International  Inc.  has  designed  a  project  to  divert 
water  from  the  Powder  River  and  Fence  Creek,  a  tributary  of  the 
Powder  River,  to  an  offstream  storage  reservoir  near  the  Montana- 
Wyoming  border.   The  water  rights  associated  with  this  project, 
assuming  they  are  granted,  will  be  junior  to  the  reservations. 

The  reservoir  will  have  a  maximum  capacity  of  106,700  acre- 
feet  and  is  expected  to  provide  up  to  40,290  acre-feet  per  year 
for  energy,  irrigation,  and  municipal  uses.   The  diversion, 
depletions,  and  return  flows  for  each  use  are  presented  in 
Table  B-29. 
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TABLE  B-28 
MONTANA  WATER  RIGHTS  GRANTED  IN  THE  YELLOWSTONE  RIVER  BASIN  SINCE  1975 


Basin 


Pse 


Diversion  Return  Plow  Depletion 
(acre-feet)  (acre-feet)  facre-feet) 


Yellowstone  River 
above  Livingston 


Stillwater  River 


Clarks  Fork  of  the 
Yellowstone  River 


Yellowstone  River 
Livingston-Billings 


Tongue  River 


Yellowstone  River 
Billings-Miles  City 


Powder  River 


Yellowstone  River 
Miles  City-Sidney 


Bighorn  River 
Below  St.  Xavier 


Flood  Irrigation 
sprinkler  Irrigation 
Municipal 
Livestock 
Industrial 

Flood  Irrigation 
sprinkler  Irrigation 
Livestock 
Municipal 

Flood  Irrigation 
Sprinkler  Irrigation 
Municipal 
Livestock 

Flood  Irrigation 
Sprinkler  Irrigation 
Municipal 
Livestock 
Industrial 

Flood  Irrigation 
Sprinkler  Irrigation 
Municipal 
Livestock 

Flood  Irrigation 
Sprinkler  Irrigation 
Municipal 
Livestock 

Flood  Irrigation 
Sprinkler  Irrigation 
Livestock 

Flood  Irrigation 
Sprinkler  Irrigation 
Municipal 
Livestock 

Flood  Irrigation 
Livestock 


10,231 

155 

40 

71 

967 

3,683 

50 

25 

0 

0 

6,548 

105 

15 

71 

967 

148 

19 

3 

267 

41 

2 

0 

187 

107 

17 

3 

80 

40,788 

170 

68 

436 

8,158 

15 

43 

0 

32,630 

155 

25 

436 

4,183 

603 

1 

25 

120 

1,339 

193 

1 

0 

0 

2,844 

410 

0 

25 

120 

2,862 
870 
750 
290 

458 

139 

473 

0 

2,404 
731 
277 
290 

30,149 

1,460 

3,934 

443 

8,743 

438 

2,478 

0 

21,406 

1,022 

1,456 

443 

27,336 
222 
421 

13,668 

111 

0 

13,668 
111 
421 

46,903 

1,773 

1,034 

550 

19,231 

1,253 

651 

0 

27,672 
520 
383 
550 

1,369 
24 

356 
0 

1,013 
24 
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TABLE  B-29 

DEPLETIONS  FROM  POWDER  RIVER  BASIN  FOR  UTAH  INTERNATIONAL 
(Fence  Creek)  PROJECT 


(acre- 

-feet) 

Dse 

Diversion 

Return  Plow 

Depletion 

Irrigation 

7,610 

3,805 

3,805 

Energy 

30,000 

0 

30,000 

Municipal 

2,680 

1,688 

992 
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APPENDIX  C 
WATER  AVAILABILITY  IN  THE  YELLOWSTONE 
RIVER  BASIN  UNDER  "PRESENT"  CONDITIONS 


INTRODUCTION 

The  excess  flows  available  for  appropriation,  calculated  in 
Tables  2  through  10  (pages  13-21) ,  include  the  depletions 
associated  with  all  of  the  reservations,  Indian  reserved  water 
rights,  and  rights  allocated  to  Wyoming  under  the  Yellowstone 
River  Compact  that  have  yet  to  be  developed  or  quantified. 
Therefore,  the  excess  flows  do  not  represent  the  amount  of  water 
available  for  appropriation  at  the  present  time.   The  undeveloped 
rights  and  reservations  will  be  completed  and  eventually  put  to 
use,  although  this  may  not  occur  in  the  near  future.   Additional 
water  should  be  available  until  the  reservations  are  fully  devel- 
oped and  all  of  the  Indian  and  Wyoming  rights  have  been  quanti- 
fied and  developed.   This  water  would  be  available  for  use  in 
Montana  and  could  be  put  to  beneficial  use  by  granting  temporary 
or  provisional  permits  for  its  appropriation. 

Water  availability  under  present  conditions  is  discussed  in 
this  appendix.  For  purposes  of  this  discussion,  it  was  assumed 
that  only  half  of  the  water  reserved  for  irrigation  and  none  of 
the  water  reserved  for  offstream  storage  was  as  yet  being  used. 
Also,  estimated  future  depletions  for  the  Wyoming  portion  of  the 
Yellowstone  River  Basin  and  Indian  tribes  existing  in  the  basin 
were  not  taken  into  account. 


The  DNRC  Yellowstone  River  Opstudy  model  was  used  to  deter- 
mine the  amount  of  excess  water  available  for  development  at  the 
present  time.   In  determining  this  amount,  the  depletions  used  to 
generate  the  excess  flows  in  the  main  report  were  decreased  as 
follows: 

(1)  Only  50  percent  of  the  irrigation  reservations  will  be 
developed  in  the  near  future. 

(2)  The  U.S.  Bureau  of  Reclamation  reservations  for 
offstream  storage  will  not  be  developed  in  the  near 
future. 

(3)  The  estimated  Indian  reserved  water  rights  for  the 
Northern  Cheyenne  (Tongue  River  Basin) ,  Crow  (Bighorn 
River  Basin) ,  and  Wind  River  (Bighorn  River  Basin) 
tribes  were  not  accounted  for. 

(4)  None  of  the  estimated  future  depletions  for  Wyoming 
(from  the  Missouri  River  Basin  States  Association's 
Level  B  Year  2000  study)  in  the  Bighorn,  Tongue, 
Powder,  and  Clarks  Fork  drainages  were  accounted  for. 

(5)  The  depletions  associated  with  the  Utah  International 
Fence  Creek  Project  on  the  Powder  River  were  not 
accounted  for. 

The  decrease  in  depletions  used  to  estimate  water  availabil- 
ity under  "present  conditions,"  and  the  depletions  used  to 
calculate  excess  flow  under  "future  conditions"  (including  all 
water  reservations,  Indian  reserved  water  rights,  Wyoming  rights. 
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etc  )   are  listed  in  Table  C-1.   The  provisional  permits  granted 
by  DNRC  in  the  Yellowstone  Basin  since  1975  are  included  m  the 
totals  for  both  "present"  and  "future"  conditions. 

To  estimate  water  availability  under  "present"  conditions, 
the  model  was  operated  in  the  same  way  it  was  when  estimating 
water  availability  for  the  future,  except  for  the  following 
changes: 

(1)  None  of  the  reservoirs  designed  to  regulate  flows  for 
the  future  estimated  depletions  in  the  Wyoming  portion 
of  the  Powder  River  Basin  were  operative;  thus,  they 
were  not  included. 

(2)  The  proposed  Fence  Creek  Reservoir  and  diversion  m  the 
Powder  River  Basin  were  not  included  in  the  model. 

(3)  None  of  the  reservoirs  designed  to  regulate  flows  for 
the  estimated  future  depletions  in  the  Wyoming  portion 
of  the  Tongue  River  Basin  were  operative;  thus,  they 
were  not  included. 

(4)  The  Tongue  River  Dam  was  operated  according  to  current 
operating  criteria  and  current  reservoir  specifications 
(storage  capacity  of  68,000  acre-feet). 

(5)  None  of  the  off stream  storage  reservoirs  proposed  by 
the  U.S.  Bureau  of  Reclamation  were  included  in  the 
model. 

The  197  5  level  of  development  flows  were  used  as  the  major 
input  to  estimate  "present"  water  availability  at  all  nodes  in 
the  model,  except  for  the  node  on  the  Bighorn  River  near  St. 
Xavier,  Montana.   As  mentioned  in  the  main  report,  flows  in  the 
Bighorn  Basin  at  St.  Xavier  were  generated  from  the  U.S.  Bureau 
of  Reclamation's  Bighorn  River  Opstudy  model.   Flows  at  St. 
Xavier  were,  thus,  handled  as  external  input  to  the  DNRC 
Yellowstone  Opstudy  model.   In  the  version  of  the  Yellowstone 
Opstudy  used  to  predict  "future"  water  availability  in  the 
Bighorn  basin,  the  depletions  used  as  input  to  the  model  were 
estimated  from  the  Missouri  River  Basin  States  Association  s 
Level  B  Year  2000  Recommended  Development  Plan.   In  order  to 
determine  "present"  water  availability  in  the  Bighorn  River 
Basin,  the  1985  "without  plan"  depletions  were  used  in  the  Bureau 
of  Reclamation's  Bighorn  Opstudy  to  generate  the  flows  at  St. 
xavier   "Without  plan"  depletions  represent  the  conditions 
likely' to  occur  in  the  absence  of  a  plan  and,  therefore,  reflect 
the  activities  of  the  private  sector,  with  only  the  help  of 
ongoing  programs  from  the  state  and  federal  agencies.   The 
Wyoming  depletions  for  the  1985  "without  plan"  development  level 
in  the  Wyoming  portion  of  the  Bighorn  River  Basin  were  as 
follows: 
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TABLE  C-1 

DEPLETIONS  USED  IN  YELLOWSTONE  OPSTDDY  MODEL  FOR 
"FUTDRE"  AND  "PRESENT"  CONDITIONS 
(acre-feet /year) 

"FUTURE"     "PRESENT" 
USE  LOCATION  CONDITIONS   CONDITIONS 

Irrigation-      Yellowstone:  Livingston         198         198 
Waterspreader      to  Billings 

Clarks  Fork  above  Edgar       5,000  0 

Yellowstone:  Billings         1,660         830 

to  Miles  City 
Bighorn  River  below         136,400  0 

St.  Xavier 
Tongue  River  (MT) 
Yellowstone:  Miles  City 

to  Sidney 
Powder  River  (MT) 

Flood  Yellowstone  above 

Irrigation         Livingston 

Yellowstone:  Livingston 

to  Billings 
Stillwater  above 

Absarokee 
Clarks  Fork  above  Edgar 
Yellowstone:  Billings 

to  Miles  City 
Bighorn  River  below         16,716       8,864 

St.  Xavier 
Tongue  River  (WY)  15,920  0 

Tongue  River  (MT)  20,643      11,889 

Yellowstone:  Miles  City     143,277      85,735 

to  Sidney 
Powder  River  (WY)  19,700  0 

Little  Powder  River  (WY)     10,900  0 

Powder  River  (MT)  19,429      17,854 

Energy  Yellowstone:  Livingston         120         120 

to  Billings 


Municipal 


2,404 

1,202 

10,600 

6,549 

8,640 

4,320 

42,175 

24,414 

87,333 

45,194 

8,494 

4,309 

39,868 

36,326 

31,114 

76,771 

Tongue  River  (WY) 

30,311 

0 

Tongue  River  (MT) 

39,100 

0 

Little  Powder  River  (WY) 

42,220 

0 

Yellowstone  above 

1,670 

1,670 

Livingston 

Yellowstone:  Livingston 

22,903 

22,903 

to  Billings 

Stillwater  above 

99 

99 

Absarokee 

Clarks  Fork  above  Edgar 

25 

25 
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TABLE  C-1  (continued) 


nsE 

Municipal 


Rural-Domestic 
Industrial 


Livestock 


LOCATION 

Yellowstone:  Billings 

to  Miles  City 
Tongue  River  (MT) 
Yellowstone:  Miles  City 

to  Sidney 
Powder  River  (MT) 
Tongue  River  (WY) 
Powder  River  (WY) 
Yellowstone  above 

Livingston 
Yellowstone  above 

Livingston 
Yellowstone:  Livingston 

to  Billings 
Clarks  Fork  above  Edgar 
Yellowstone:  Billings 

to  Miles  City 
Bighorn  River  below 

St.  Xavier 
Tongue  River  (WY) 
Tongue  River  (MT) 
Yellowstone:  Miles  City 

to  Sidney 
Powder  River  (WY) 
Powder  River  (MT) 


"FUTURE" 
CONDITIONS 

"PRESENT" 
CONDITIONS 

2,530 

2,530 

278 
1,601 

278 
1,601 

225 

200 

3,000 

967 

225 
0 
0 

967 

71 

71 

25 

25 

436 
443 

436 
443 

24 

24 

1,200 
290 
550 

0 
290 
550 

900 
721 

0 
721 

Off stream 
Storage 


Yellowstone:  Billings 
to  Miles  City 

Powder  River  (Fence  Creek) : 
Irrigation 
Energy 
Municipal 


161,000 


3,805 

30,000 

950 


TOTAL 


1,066,135 


357,433 
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LOCATION 

USE 

PEPLETION 

(acre-feet/year 

Wind  River 

Irrigation 
Municipal 
Livestock 
Industry 

1,200 
200 
200 
200 

Bighorn  River 

Irrigation 

Municipal 

Livestock 

6,800 
300 
400 

Shoshone  River 

Irrigation 
Municipal 
Livestock 
Industry 

2,400 
300 
200 
300 

The  flows  computed  for  the  Bighorn  River  at  St.  Xavier,  using 
the  depletions  presented  above,  are  shown  in  Table  C-2. 

Other  than  the  depletion  changes,  changes  in  reservoir 
operations,  and  input  flows  at  St.  Xavier,  there  were  no 
differences  in  the  operation  of  Opstudy  as  used  to  estimate 
"present"  versus  "future"  water  availability.   All  of  the 
restraints  applying  to  the  previous  run,  such  as  reservation 
priorities,  were  applicable  to  the  model  version  used  to  estimate 
"present"  conditions. 


EESnLIS 

The  amount  of  water  available  for  appropriation  in  the  basin 
under  "present"  conditions  is  presented  in  Tables  C-3  through 
C-11.   A  table  is  presented  for  each  mainstem  or  tributary  node 
in  the  Opstudy  model.   These  flows  include  the  water  available  in 
Tables  2  through  10  in  the  main  text  and  the  incremental  excess 
flows  associated  with  the  decrease  in  depletions  for  water  reser- 
vations, Indian  reserved  water  rights,  and  Wyoming  water  for  the 
"present"  conditions  Opstudy  run.   The  excess  flows  represent  the 
portion  of  the  streamflow  that  is  available  on  a  temporary 
basis — until  all  of  the  reservations,  Indian  water  rights,  and 
Wyoming  water  rights  have  been  developed. 

The  results  indicate  that,  under  "present"  conditions,  no 
water  is  available  in  the  basin  in  eight  out  of  ten  years  during 
most  of  the  irrigation  season.   However,  provisional  water  from 
the  mainstem,  but  not  the  tributaries,  is  available  during  the 
irrigation  season  in  six  out  of  ten  years.   This  water  was  not 
available  under  the  "future"  conditions  scenario  and  may  indicate 
the  possibility  for  some  increase  in  irrigation  withdrawals 
directly  from  the  mainstem. 
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TABLE  C-3 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  LIVINGSTON,  MONTANA 
(thousand  acre-feet) 


Mean 


80th        60th        50th        40th        20th 
Percentile  Percentile  Percentile  Percentile  Percentile 


January 

1.8 

0.0 

February 

2.9 

0.0 

March 

2.5 

0.0 

April 

5.0 

0.0 

May 

143.7 

0.0 

June 

266.1 

0.0 

July 

251.8 

12.1 

August 

76.0 

0.0 

Septembei 

:  38.7 

0.0 

October 

5.2 

0.0 

November 

6.4 

0.0 

December 

3.3 

0.0 

Annual 

803.3 

137.6 

0.0 

0.0 

0.0 

0.0 

38.8 

99.8 

190.7 

15.1 

11.3 

0.0 

0.0 

0.0 

562.4 


0.0 

0.0 

0.0 

0.0 

145.5 

204.7 

233.8 

54.9 

26.5 

0.0 

0.0 

0.0 

818.2 


0.0 

0.0 

0.0 

0.0 

203.4 

327.3 

310.2 

90.9 

42.7 

0.0 

0.0 

0.0 

1001.5 


4.0 

4.6 

4.7 

0.0 

244.2 

547.1 

394.7 

159.6 

79.7 

2.8 

12.1 

6.6 

1342.2 
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TABLE  C-4 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  STILLWATER  RIVER  AT  ABSAROKEE,  MONTANA 
(thousand  acre-feet) 


!....„ 

Mean 

Percentilt 

i     Percentile 

Percentile 

Percentile 

i     Percentile 

3.8 

0.0 

0.0 

4.0 

5.4 

7.4 

February 

3.7 

0.0 

1.8 

3.5 

4.1 

7.1 

March 

4.1 

0.0 

0.9 

2.8 

4.6 

6.7 

April 

9.1 

0.0 

0.0 

5.0 

11.9 

16.0 

May 

44.9 

0.0 

32.8 

39.8 

61.8 

83.0 

June 

83.0 

0.0 

56.0 

84.8 

112.1 

150.2 

July 

90.3 

12.1 

66.4 

88.1 

104.4 

140.6 

August 

22.8 

0.0 

13.6 

20.1 

31.9 

43.5 

September 

10.7 

0.0 

3.8 

9.7 

13.9 

19.5 

October 

8.5 

0.0 

5.8 

8.4 

9.7 

15.5 

November 

8.9 

0.0 

9.3 

11.7 

12.4 

14.9 

December 

5.5 

0.0 

5.3 

6.8 

7.5 

9.0 

Annual 

295.5 

110.0 

249.8 

302.5 

367.8 

418.9 

I 
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Mean 


January 

5.9 

February 

6.1 

March 

6.3 

April 

8.0 

May 

42.7 

June 

56.1 

July 

46.3 

August 

11.4 

September  8.6 
October  11.4 
November  9.2 
December  8.2 
Annual   220.0 


TABLE  C-5 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  CLARKS  FORK  AT  EDGAR,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
PgrcentiJle — Percentile  Percentile  Percentile  Percentile 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
96.6 


0.0 
3.5 
0.9 
0.0 
30.1 
0.0 
0.6 
0.0 
0.0 
7.8 
8.8 
8.2 
141.2 


6.8 

5.8 

7.0 

0.0 

38.0 

34.2 

24.7 

0.0 

0.8 

10.8 

10.7 

10.3 

205.1 


8.7 

8.3 

8.2 

5.5 

48.5 

61.4 

38.7 

7.0 

7.9 

13.0 

12.3 

11.1 

229.6 


11.5 
10.4 
10.7 
15.4 
83.9 

133.8 
84.5 
26.5 
18.2 
20.1 
16.1 
12.8 

386.6 
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TABLE  C-6 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  BILLINGS,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
Mean   Percentile  Percentile  Percentile  Percentile  Percentile 


January 

13.6 

0.0 

February 

25.3 

0.0 

March 

23.0 

0.0 

April 

47.4 

0.0 

May 

196.9 

0.0 

June 

378.7 

0.0 

July 

471.9 

12.1 

August 

95.7 

0.0 

Septembe 

r  61.7 

0.0 

October 

45.0 

0.0 

November 

27.5 

0.0 

December 

18.0 

0.0 

Annual 

1404. 5 

362.2 

0.0 

3.5 

0.9 

0.0 

77.5 

175.5 

262.8 

15.1 

11.3 

9.8 

11.0 

8.2 

1209.4 


9.3 

13.0 

9.4 

5.0 

201.7 

263.4 

416.0 

54.9 

36.9 

26.2 

22.0 

17.5 

1335.2 


11.5 

20.8 

18.9 

54.6 

232.4 

505.6 

577.9 

96.0 

72.2 

40.3 

32.3 

22.4 

1666.1 


29.3 

50.4 

37.2 

90.5 

370.3 

820.2 

800.9 

206.5 

111.5 

85.8 

51.9 

31.5 

2437.3 
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TABLE  C-7 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  TONGUE  RIVER  AT  MILES  CITY,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th        40th        20th 
Mean   Percentile  Percentile  Percentile  Percentile  Percentile 


January 

7.9 

4.7 

February 

11.2 

4.2 

March 

27.6 

1.7 

April 

22.9 

0.0 

May 

30.8 

0.0 

June 

65.2 

0.0 

July 

19.0 

0.0 

August 

1.9 

0.0 

September 

3.3 

0.1 

October 

13.2 

0.0 

November 

15.0 

4.8 

December 

9.1 

6.0 

Annual 

227.4 

75.2 

6.3 

5.6 

10.4 

9,1 

14.9 

25.6 

1.6 

0.0 

0.1 

10.0 

12.0 

7.9 

184.2 


7.1 

6.7 

15.1 

15.7 

27.9 

67.5 

9.1 

0.0 

0.1 

11.8 

14.8 

8.7 

227.1 


7.9 
8.6 

26.1 

21.9 

38.3 

76.7 

13.8 

0.0 

0.1 

14.0 

16.5 

9.1 

261.8 


9.9 

14.6 

42.8 

45.0 

57.5 

121.2 

38.8 

0.0 

8.0 

25.1 

26.3 

13.7 

346.8 
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TABLE  C-8 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  MILES  CITY,  MONTANA 
(thousand  acre-feet) 


Mean 


80th        60th        50th        40th        20th 
Percentile  Percentile  Percentile  Percentile Percentile 


January 

178.5 

95.8 

141.1 

February 

216.5 

123.7 

159.2 

March 

186.5 

32.2 

146.8 

April 

164.1 

0.0 

103.5 

May 

210.5 

0.0 

94.1 

June 

397.5 

0.0 

175.5 

July 

595.5 

12.1 

262.8 

August 

216.4 

57.2 

146.7 

September 

153.5 

15.6 

108.8 

October 

142.6 

30.8 

102.1 

November 

147.7 

71.7 

123.5 

December 

153.2 

88.1 

114.4 

Annual 

2762.2 

1031.4 

2592.9 

175.2 
193.3 
161.1 
151.1 
203.4 
263.4 
460.5 
194.9 
150.9 
117.7 
126.7 
154.2 
2885.7 


189.4 
235.6 
211.4 
188.1 
244.6 
505.6 
770.2 
225.5 
181.1 
163.0 
163.1 
162.5 
3122.4 


274.9 
280.7 
298.5 
275.9 
417.2 
840.7 

1007.2 
360.3 
232.8 
251.0 
233.2 
219.2 

4208.2 
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TABLE  C-9 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  POWDER  RIVER  AT  LOCATE,  MONTANA 
(thousand  acre-feet) 


Mean 

Percentile 

Percentile 

Percentile 

Percentile 

Percentile 

January 

6.2 

3.1 

5.0 

5.2 

6.0 

9.0 

February 

23.3 

0.5 

5.6 

7.2 

9.9 

28.7 

March 

66.3 

0.5 

19.7 

37.3 

43.5 

135.1 

April 

24.2 

0.0 

3.9 

9.9 

19.6 

46.8 

May 

28.0 

0.0 

0.0 

11.6 

27.5 

45.7 

June 

84.4 

0.0 

26.3 

59.3 

93.2 

140.1 

July 

23.5 

0.0 

2.2 

11.4 

22.4 

41.8 

August 

6.4 

0.0 

0.0 

0.3 

4.6 

10.5 

September 

6.5 

0.0 

0.0 

0.0 

0.4 

10.9 

October 

13.2 

2.8 

6.8 

8.0 

13.0 

18.0 

November 

8.2 

1.8 

5.4 

8.0 

10.3 

15.8 

December 

5.5 

2.5 

3.6 

4.6 

5.0 

6.9 

Annual 

295.8 

108.7 

198.0 

264.3 

296.4 

478.5 
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TABLE  C-10 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  BIGHORN  RIVER  AT  ST,  XAVIER,  MONTANA 
(thousand  acre-feet) 


Mean 

Percentile 

Percentile 

Percentile 

Percentile 

Percentile 

January 

32.7 

0.0 

14.4 

28.0 

38.6 

58.2 

February 

52.7 

21.0 

39.3 

52.9 

63.6 

83.2 

March 

9.2 

0.0 

0.0 

0.0 

0.0 

15.2 

April 

13.7 

0.0 

0.0 

0.0 

0.0 

29.5 

May 

11.6 

0.0 

0.0 

0.0 

0.0 

18.0 

June 

7.6 

0.0 

0.0 

0.0 

0.0 

0.0 

July 

116.1 

0.0 

0.0 

32.7 

60.2 

257.2 

August 

18.0 

0.0 

0.0 

5.4 

12.5 

39.5 

September  31.6 

0.0 

16.7 

26.4 

34.2 

60.3 

October 

27.5 

0.0 

10.5 

20.2 

28.4 

54.2 

November 

15.7 

0.0 

0.0 

2.4 

9.2 

34.8 

December 

9.8 

0.0 

0.0 

0.0 

0.0 

21.5 

Annual 

346.4 

26.6 

180.9 

246.8 

427.1 

622.7 
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TABLE  C-11 

PRESENT  CONDITIONS 

EXCESS  FLOWS:  YELLOWSTONE  RIVER  AT  SIDNEY,  MONTANA 
(thousand  acre-feet) 

80th        60th        50th 
Mean   Percentile  Percentile  Percentile  Percentile 


January- 

197.6 

96.5 

February 

233.8 

113.6 

March 

329.8 

33.6 

April 

215.7 

2.1 

May 

208.8 

0.0 

June 

529.1 

0.0 

July 

608.7 

8.7 

August 

229.9 

35.3 

September 

181.8 

15.6 

October 

152.9 

9.7 

November 

146.5 

47.8 

December 

159.6 

75.4 

Annual 


3194.2   1106.4 


178.3 

171.0 

237.0 

81.2 

88.1 

237.2 

235.3 

181.6 

110.9 

96.4 

122.0 

111.2 

2828.9 


194.6 
199.5 
279.8 
182.6 
140.7 
358.7 
370.6 
212.2 
186.7 
119.4 
138.5 
139.7 
3384.4 


40th 

20th 

ercentile  Percentile 

214.6 

296.3 

237.3 

322.2 

337.5 

505.5 

219.5 

333.5 

249.8 

298.8 

794.9 

1122.9 

757.2 

1023.7 

230.3 

380.6 

217.0 

275.3 

173.4 

258.0 

166.3 

221.8 

198.3 

255.9 

3568.8 

4950.2 
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Water  available  for  appropriation  on  an  annual  basis  is 
increased  by  approximately  100  percent  at  all  locations  on  the 
mainstem  under  "present"  conditions.   This  water  is  potentially 
available  for  offstream  storage.   However,  the  costs  associated 
with  constructing  the  projects  to  store  this  water  may  negate  the 
use  of  these  provisional  flows  because  they  would  not  be  avail- 
able after  all  reserved,  Indian,  and  Wyoming  water  rights  are 
developed. 

As  was  the  case  when  determining  excess  flows  under  "future" 
conditions,  the  major  limiting  factors  in  determining  excess 
flows  under  "present"  conditions  are  the  instream  flow  reser- 
vations, which  reserve  a  major  portion  of  the  streamflow  in  the 
basin.   Therefore  the  reduced  depletions  under  the  "present" 
conditions  do  not  result  in  proportionately  greater  flows  avail- 
able for  appropriation. 
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APPENDIX  D 

WATER  AVAILABLE  FOR  IRRIGATION 

RESERVATIONS  IN  THE  YELLOWSTONE  RIVER  BASIN 


INTRODUCTION 

Instream  flow  reservations  have  a  higher  priority  than  irri- 
gation reservations  above  Billings.   Thus,  all  or  part  of  the 
irrigation  reservations  may  not  be  available  during  a  given  irri- 
gation season. 

In  contrast,  irrigation  reservations  have  a  higher  priority 
than  instream  flow  reservations  below  Billings.   It  is  possible, 
however,  that  future  development  on  the  Indian  reservations  and 
in  the  Wyoming  portion  of  the  Yellowstone  River  Basin  (on  the 
Tongue,  Powder  and  Bighorn  subbasins)  could  decrease  the  amount 
of  water  available  for  the  irrigation  reservations  below  Bil- 
lings.  A  determination  of  the  impacts  such  development  could 
have  on  the  amount  of  water  available  for  the  irrigation  reser- 
vations in  Montana  is  presented  here. 


METHODS 

The  Yellowstone  River  Operations  Study  Model  (Opstudy)  was 
used  to  estimate  the  frequency  and  magnitude  of  shortages  asso- 
ciated with  irrigation  reservations.   Two  major  changes  in  the 
model  were  made  to  calculate  shortages  associated  with  these 
reservations.   First,  to  reflect  the  irrigation  reservation 
priority  date  of  December  15,  1978,  only  water  rights  granted 
from  January  1,  1976  to  December  14,  1978  were  subtracted  from 
the  1975  level  flows.   Previously,  the  depletions  associated  with 
water  rights  granted  in  the  basin  from  1976  to  1981  were  sub- 
tracted from  the  1975  level  of  development  flows.   Second,  the 
water  right  application  filed  by  Utah  International,  Inc.  (UII) 
on  the  Powder  River  was  taken  into  account.   However,  because  the 
filing  date  for  this  project  is  considered  to  be  junior  to  the 
reservations  (because  of  the  Yellowstone  moratorium)  depletions 
associated  with  the  (UII)  project  were  not  considered  when  de- 
termining the  amount  of  water  available  for  the  irrigation 
reservations. 

The  reservation  priorities,  as  well  as  estimated  future 
depletions  for  the  Wyoming  portions  of  the  Clarks  Fork,  Tongue, 
Bighorn,  and  Powder  River  basins,  were  accounted  for  in  the 
model.   The  future  Wyoming  depletions,  along  with  the  future 
Indian  depletions  used  in  the  model,  are  presented  in  Tables  B-24 
through  B-27  of  this  report  and  represent  depletions  for  the  year 
2000.   Because  the  resulting  water  availability  calculations  re- 
flect the  impacts  of  these  depletions,  the  availability  results 
represent  conditions  that  may  occur  in  the  future;  they  do  not 
necessarily  represent  conditions  at  the  present  time.   However, 
the  estimated  completion  dates  for  the  projects  associated  with 
the  irrigation  reservations  are  generally  set  at  or  around  the 
year  2000.   Thus,  the  calculated  water  availability  figures 
should  approximate  the  conditions  that  will  exist  when  the  irri- 
gation reservations  are  fully  developed. 
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Yellowstone  River  above  Billings 

The  amount  of  water  available  for  the  irrigation  reservations 
above  Billings  is  presented  in  Tables  D-1  through  D-5.   Tables 
D-1  through  D-4  show  the  results  of  water  availability  calcula- 
tions for  the  Yellowstone  River  at  Livingston,  the  Clarks  Fork  at 
Edgar,  the  Stillwater  River  near  Absarokee,  and  the  Yellowstone 
River  at  Billings.   Table  D-5  presents  the  water  availability 
figures  associated  with  the  total  irrigation  reservations  granted 
above  Billings.   As  such,  it  summarizes  the  results  presented  in 
Tables  D-1  through  D-4. 

The  water  availability  results  for  the  irrigation  reserva- 
tions below  Billings  are  not  presented  in  tabular  form,  but  are 
summarized  at  the  end  of  this  section. 

All  results  are  presented  on  a  percentile  basis,  comparing 
the  monthly  (or  seasonal)  irrigation  reservation  to  the  amount  of 
water  available  for  that  reservation.   For  example,  if  enough 
water  is  available  to  completely  satisfy  the  irrigation  reserva- 
tion for  a  given  month,  the  value  in  the  table  is  100  percent. 

Tables  D-1  through  D-5  show  the  amount  of  water  available  for 
the  irrigation  reservations  on  an  average  basis  and  at  the  20th, 
40th,  50th,  60th,  70th,  80th,  and  90th  percentiles  for  each 
month,  as  well  as  for  the  irrigation  season  as  a  whole.   The  re- 
sults are  based  on  the  1939-1975  period  of  record. 

The  percentile  values  can  be  interpreted  in  the  following 
manner: 

The  value  at  a  given  percentile  indicates  the  minimum  amount 
of  the  irrigation  reservation  that  can  be  met  at  the  given  fre- 
quency.  For  example,  the  70th  percentile  value  for  the  Yellow- 
stone River  at  Livingston  (Table  D-1)  for  August  is  52,  which 
indicates  that  at  least  52  percent  of  the  reservation  can  be 
satisfied  in  seven  out  of  10  years,  on  the  average. 

This  does  not  imply  that  only  52  percent  of  the  water  re- 
served for  irrigation  will  be  available  during  each  of  those 
seven  years.   Instead,  it  implies  that  only  52  percent  of  the 
reservation  can  be  satisfied  during  one  of  the  seven  years;  more 
water  will  probably  be  available  during  the  other  six  years.   The 
60th  percentile  value  for  August  indicates  that  at  least  90  per- 
cent of  the  reservation  can  be  satisfied  in  six  out  of  10  years. 
The  50th,  40th,  and  20th  percentiles  all  have  values  of  100, 
indicating  that  the  reservation  can  be  completely  satisfied  at 
all  of  these  frequencies.   Relating  to  the  70th  percentile  then, 
during  an  average  10-year  period  the  reservations  will  be  com- 
pletely satisfied  during  five  of  those  years,  90  percent  of  the 
reservation  will  be  satisfied  during  one  year,  52  percent  will  be 
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TABLE  D-1 
YELLOWSTONE  RIVER  AT  LIVINGSTON: 
PERCENTAGE  OF  IRRIGATION  RESERVATIONS  SATISFIED 
(percentile) 
Average   20th 40th    50th    60th    70th    BOth 


9Qthj 


May 
June 
July 
August 
September 
Irrigation 
Season 


85 

100 

100 

100 

100 

100 

100 

82 

100 

100 

100 

100 

100 

100 

89 

100 

100 

100 

100 

100 

100 

68 

100 

100 

100 

89 

52 

0 

70 

100 

100 

100 

90 

66 

0 

78 


100 


98 


89 


84 


73 


47 


0 
0 
0 
0 
0 

28 
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TABLE  D-2 

STILLWATER  RIVER  NEAR  ABSAROKEE: 

PERCENTAGE  OF  IRRIGATION  RESERVATIONS  SATISFIED 

(percentile) 

Average    20th    4Qth    50th  60th  70th    80th    90th 

April            100    100     100     100  100  100     100      0 

May               86     100      100      100  100  100      100       0 

June              79     100      100      100  100  100      100       0 

July              88     100      100      100  100  100      100       0 

August            67     100      100      100  90  52        0       0 

^September         67    100     100     100  78  0       0      0 

fOctober           75    100     100     100  100  100      100      0 
[irrigation 

Season          79    100      96      90  85  77      57     25 
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TABLE  D-3 
CLARKS  FORK  OF  THE  YELLOWSTONE  RIVER  AT  EDGAR: 
PERCENTAGE  OF  IRRIGATION  RESERVATIONS  SATISFIED 


' 

(percentile) 

Averaae 

20th 

40th 

50th 

60th 

70th 

80th 

90th 

April 

75 

100 

100 

100 

100 

75 

0 

0 

May 

75 

100 

100 

100 

100 

100 

0 

0 

June 

67 

100 

100 

100 

100 

0 

0 

0 

July 

62 

100 

100 

100 

100 

0 

0 

0 

August 

50 

100 

100 

0 

0 

0 

0 

0 

September 

50 

100 

100 

100 

0 

0 

0 

0 

October 

75 

100 

100 

100 

100 

100 

100 

0 

Irrigation 

Season 

62 

95 

72 

67 

52 

41 

25 

6 
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TABLE  D-4 
YELLOWSTONE  RIVER  FROM  LIVINGSTON  TO  BILLINGS: 
PERCENTAGE  OF  IRRIGATION  RESERVATIONS  SATISFIED 


(percentile) 

Averaae 
83 

20th 

40th 

50th 

60th 

70th 

80th 

90th 

May 
ijune 

100 

100 

100 

100 

100 

100 

0 

82 

100 

100 

100 

100 

100 

100 

0 

July 

89 

100 

100 

100 

100 

100 

100 

0 

August 

68 

100 

100 

100 

90 

52 

0 

0 

September 

70 

100 

100 

100 

90 

66 

0 

0 

Irrigation 
Season 

79 

100 

98 

89 

84 

73 

47 

28 
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TABLE  D-5 
YELLOWSTONE  RIVER — ALL  IRRIGATION  RESERVATIONS  ABOVE  BILLINGS! 
PERCENTAGE  OF  IRRIGATION  RESERVATIONS  SATISFIED 


(percentile) 

Averaae 

20th 

40th 

50th 

60th 

70th 

80th 

90th 

April 

89 

100 

100 

100 

100 

89 

56 

56 

May 

83 

100 

100 

100 

100 

100 

93 

0 

June 

81 

100 

100 

100 

100 

94 

94 

0 

July 

88 

100 

100 

100 

100 

96 

96 

0 

August 

67 

100 

100 

96 

77 

50 

0 

0  1 

September 

69 

100 

100 

100 

86 

61 

0 

0 

October 

75 

100 

100 

100 

100 

100 

100 

0 

Irrigation 

Season 

77 

99 

96 

88 

82 

72 

47 

27  ; 
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satisfied  in  another  year,  and  less  than  52  percent  will  be 
available  during  the  remaining  three  years. 

Yellowstone  River  below  Billings 

Because  irrigation  reservations  are  senior  to  instream  flow 
reservations  below  Billings,  water  to  satisfy  the  irrigation 
reservation  is  available  virtually  all  of  the  time.   The  major 
impact  on  water  availability  in  this  section  of  the  Yellowstone 
River  Basin  will  be  the  future  depletions  by  Wyoming  and  the 
Indian  tribes. 

Because  water  availability  for  the  irrigation  reservations 
was  generally  100  percent  at  all  frequencies  below  Billings,  only 
the  averages  and  frequencies  at  which  the  reservations  were  not 
completely  satisfied  are  presented. 

Tongue  River  at  Miles  City: 

May   June   July   August  Sept.    Irr.  Season 

Average    100    100    97      97  97          98 

Reservations  are  satisfied  at  all  percentiles. 

Powder  River  at  Locate: 

April  May  June  July  August  Sept.   Irr.  Season 

Average    100    98    99    92     90  92         96 

90th  Per- 
centile   100   100   100    100     90      40         90 

Yellowstone  River  at  Miles  City: 

Reservations  are  satisfied  during  the  entire  period  of 
record. 

Yellowstone  River  at  Sidney: 

May   June   July   August   Sept.    Irr.  Season 

Average    100    100    100     97      99  99 

Reservations  are  satisfied  at  all  percentiles. 

Bighorn  River  at  St.  Xavier: 

Reservations  are  satisfied  during  the  entire  period  of 
record. 
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CONCLUSIONS 

Table  D-5  shows  the  water  available  for  all  of  the  irrigation 
reservations  above  Billings  and,  therefore,  best  summarizes  the 
pertinent  information.   From  Table  D-5  it  is  evident  that  signi- 
ficant shortages  begin  to  occur  at  the  60th  percentile  in  August 
and  September.   The  shortages  become  more  severe  at  the  70th 
percentile;  only  50  percent  of  the  reservations  can  be  satisfied 
at  this  frequency  during  August.   In  other  words,  in  four  out  of 
10  years,  only  50  percent  or  less  of  the  reservations  can  be 
satisfied.   During  September,  only  61  percent  or  less  of  the 
reservations  would  be  satisfied.   Assuming  that  an  adequate  sup- 
ply of  water  is  needed  for  irrigation  in  at  least  eight  out  of  10 
years  (or,  severe  shortages  cannot  occur  in  more  than  two  out  of 
10  years) ,  it  can  be  seen  that  problems  could  arise  in  August  and 
September. 

The  values  in  Tables  D-1  through  D-5  reflect  the  assumption 
that  all  of  the  water  associated  with  the  irrigation  reservations 
is  put  to  use.   If  these  reservations  are  not  completely  devel- 
oped, shortages  would  not  be  as  severe.   However,  results  from 
the  main  text  of  this  report  indicate  that  little  or  no  water  is 
available  for  irrigators  in  excess  of  the  reservations.   There- 
fore, the  best  way  for  irrigators  to  obtain  water  is  from  the 
conservation  districts  that  have  reserved  the  majority  of  the 
water  associated  with  the  irrigation  reservations.   These  facts 
tend  to  suggest  that  the  irrigation  reservations  will  be  fully 
developed. 

The  figures  in  Table  D-3  indicate  that  the  irrigation  reser- 
vations on  the  Clarks  Fork  of  the  Yellowstone  River  would  not  be 
satisfied  at  the  50th  percentile  in  August  and  the  60th  percen- 
tile in  September.   These  critical  shortages  can  be  attributed  to 
two  facts.   First,  the  instream  flow  reservation  for  these  months 
at  this  location  is  at  a  higher  percentile  (70th)  than  it  is  at 
the  other  locations  in  the  basin  above  Billings.   Also,  water  in 
the  Clarks  Fork  is  highly  appropriated.   A  substantial  number  of 
water  use  permits  for  irrigation  have  been  granted.   These  per- 
mits have  senior  rights  to  the  irrigation  reservations.   Because 
of  this,  irrigators  obtaining  reserved  water  from  the  conserva- 
tion districts  generally  may  be  able  to  divert  water  only  during 
periods  of  high  spring  flows. 

The  instream  flow  reservations  at  Billings  are  at  a  lower 
percentile  flow  (higher  relative  flow  rate) ,  except  for  the 
Clarks  Fork,  than  the  other  upstream  locations  for  the  irrigation 
months.   Because  of  this,  the  Billings  instream  flow  requirements 
control  the  amount  of  water  available  for  irrigation  reservations 
at  all  upstream  locations.   For  example,  the  instream  reservation 
at  Livingston  during  August  is  set  at  the  95th  percentile  flow 
(water  in  excess  of  the  reservation  is  available  in  9.5  years  out 
of  10,  on  the  average).   The  August  instream  reservation  at  Bil- 
lings is  at  the  83rd  percentile  flow  (water  in  excess  of  the 
reservation  is  available  in  8.3  years  out  of  10).   Thus,  there 
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will  be  times  when  water  in  excess  of  the  instream  reservation  at 
Livingston  is  available  but  can't  be  used  to  satisfy  irrigation 
reservations  because  of  an  instream  flow  shortage  at  Billings. 
Diverting  water  at  Livingston  would  increase  the  water  shortage 
at  Billings.   The  amount  of  water  available  for  all  irrigation 
reservations  above  Billings  (Table  D-5)  is,  therefore,  limited  by 
the  instream  flow  reservations  at  Billings. 

Such  logic  also  indicates  that  future  appropriations  of  irri- 
gation water  (not  associated  with  the  irrigation  reservations)  on 
the  smaller  tributaries  above  Billings  will  be  controlled  by  the 
Billings  instream  flow  reservation.   As  a  result,  shortages  asso- 
ciated with  future  irrigation  appropriations  from  these  smaller 
tributaries  would  be  similar  to  those  shown  in  Table  D-5.   Also, 
many  of  the  smaller  tributaries  have  their  own  instream  flow  re- 
quirements that  put  additional  restraints  on  the  future  appro- 
priation of  water  for  irrigation.   One  possible  solution  for  some 
of  these  tributaries  would  be  to  divert  available  water  from  high 
spring  flows  into  offstream  storage  reservoirs  for  later  use. 

Downstream  from  Billings,  where  the  irrigation  reservations 
are  senior  to  the  instream  flow  reservation,  a  shortage  was  cal- 
culated for  only  one  month  during  the  37-year  period  of  record. 
The  major  impacts  on  the  amount  of  water  available  to  satisfy  the 
irrigation  of  reservations  in  this  portion  of  the  basin  will  be 
future  depletions  by  Wyoming  and  the  Indian  tribes.   This  study 
strongly  suggests  that  these  depletions  will  not  significantly 
affect  the  irrigation  reservations. 

When  comparing  the  amount  of  water  available  for  satisfying 
irrigation  reservations  with  the  instream  flow  reservations,  the 
fact  that  the  instream  reservations  were  based  on  historical 
flows  rather  than  level  of  development  flows  must  be  considered. 
Because  water  use  generally  has  increased  over  the  years,  we  can 
assume  that  water  depletions  were  less  during  the  period  rep- 
resented by  the  historical  flow  figures  than  they  were  at  the 
time  the  instream  flow  reservations  were  granted  (1978) .   Thus, 
since  the  instream  flow  percentile  values  were  developed  from 
historical  flow  data,  we  also  can  assume  that  the  amount  of  water 
available  to  satisfy  irrigation  reservations  is  actually  somewhat 
less  than  indicated  in  Tables  D-1  through  D-5.   For  example,  the 
instream  reservation  at  Billings  for  August  is  set  at  tne  83rd 
percentile  flow,  which  indicates  that  water  in  excess  of  this 
reservation  would  be  available  for  irrigation  in  8.3  years  out  of 
10,  on  the  average.   Because  this  percentile  value  may  not 
accurately  represent  current  water  use  conditions,  the  actual 
availability  of  excess  water  for  irrigation  could  be  less. 

Another  fact  that  must  be  considered  is  that  the  instream 
flow  percentiles  represent  the  frequency  at  which  some  water 
becomes  available  for  the  irrigation  reservations.   The  frequency 
at  which  all  of  the  water  requested  for  the  irrigation  reser- 
vations becomes  available  will  undoubtedly  be  less. 
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